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Parole di saluto. 


H. AVANZI 


Rettore Magnifico del? Universita di Pisa 


Questa Universita, entrata nel suo seicentesimodecimoprimo anno di vita, è 
lieta ed orgogliosa di accogliere in quest’Aula Magna — dove i segni della 
recente guerra deturpano ancora o hanno purtroppo cancellato le belle pitture 
che ADOLFO DE CAROLIS distese per illustrare gli episodi della fondazione 
dell’Ateneo e Vapoteosi di GALILEO —; è lieta ed orgogliosa, dico, di acco- 
gliere i partecipanti alla Conferenza Internazionale sulle particelle elementari 
e al XLI Congresso Nazionale di Fisica, e porgere loro un cordiale saluto, nel 
quale accomuna ai Maestri, già benemeriti della Scienza e della Scuola, i gio- 
vani discepoli, che animati da spirito di sacrificio e di fede si accingono alla 
ricerca di più vasti orizzonti del sapere. 

E desidera al tempo stesso attestare la sua riconoscenza a quanti hanno 
contribuito, sia pure in modi diversi, a promuovere, organizzare e attuare questa 
duplice manifestazione di larga risonanza internazionale e nazionale. 

Infine vuol ricordare che la Fisica ebbe qui grandi cultori, da GALILEO a 
FERMI, e che, poco più di un secolo fa, durante il Risorgimento, i suoi più 
grandi Maestri e i suoi migliori allievi seppero lasciare i laboratori e le aule 
universitarie, al richiamo della Patria e correre alle armi, ben sapendo che 
questa, per essere grande nelle Scienze, nelle Lettere e nelle Arti, doveva essere 
unita e libera. A tal proposito è altamente significativo che proprio in quell’e- 
poca e proprio qui prendessero vita Il Cimento e Il Nuovo Cimento ad opera 
di Maestri vissuti nel culto della Scienza e nella dedizione alla Patria. 

Il saluto che ho Vonore di rivolgere agli studiosi convenuti a Pisa per questa 
duplice riunione, trae dalle profonde radici del passato buon auspicio per il 
presente e l'avvenire, nutrito com’é della consapevolezza che essa consider: 
un complesso di problemi che stanno al centro della ricerca scientifica e hanno 
profondi riflessi nella vita civile. 

Voglia Iddio che dalla fusione e dalla applicazione delle vostre ricerche, 
«le umane genti affaticate » traggano nuove fonti di fede, di serenità e di 


benessere. 


NASA 
20 Semestre 


SUPPLEMENTO AL VOLUME IV, SERIE X 
DEL NUOVO CIMENTO 


Discorso inaugurale. 


M. CONVERSI 


Direttore dell’Istituto di Fisica dell’ Universita - Pisa 


Dopo il saluto del Magnifico Rettore della nostra Università vogliate anche 
accettare il più cordiale benvenuto da parte di chi ha avuto il compito e l’onore 
di organizzare le due riunioni che oggi si inaugurano a Pisa: la Conferenza 
Internazionale sulle particelle elementari e il XLI Congresso Nazionale di 
Fisica. 

Lo spunto è stato dato dallo scadere di un secolo di vita del giornale ita- 
liano di Fisica Il Nuovo Cimento, che, sorto a Pisa per opera di CARLO MAT- 
TEUCCI e RAFFAELE PIRIA, è divenuto in questa ultima decade, per merito so- 
prattutto dell’attuale Presidente della Società Italiana di Fisica e Direttore 
del giornale, il prof. GIOVANNI POLVANI, una delle riviste più diffuse e più 
apprezzate nel mondo dei fisici. E sarà proprio il prof. POLVANI, al termine 
delle mie parole, a parlarvi della storia della nostra rivista... 

Io vi parlerò invece della struttura di questa nostra riunione celebrativa. 
Ma prima permettete che compia il gradito dovere di ringraziare quanti hanno 
collaborato a superare le difficoltà, non lievi, nè scarse, della sua attuazione. 

Un’idea di queste difficoltà può averla chi ha visto l’Istituto di Fisica del 
nostro Ateneo dopo le distruzioni della guerra, e lo stato di abbandono in cui, 
di conseguenza si è venuto a trovare per lunghi anni. E veramente benefica, 
provvidenziale è stata quindi questa ricorrenza centennale della nascita del 
Nuovo Cimento; perchè essa, suggerendo al nostro Presidente, prof. POLVANI, 
di celebrarla qui a Pisa con la Conferenza e il Congresso, ha spinto a più solle- 
citamente e ampiamente risolvere il problema della ricostituzione materiale e 
funzionale dell’Istituto provvedendo sia alla ricostruzione delle parti distrutte, 
sia al ripristino del patrimonio scientifico, sia infine alla riattivazione dei nuclei 
di ricerca. Oggi l’Istituto, ricostruito su basi funzionali, possiede buone at- 
trezzature scientifiche di ricerca ed è divenuto centro di portata nazionale 
per i nostri studi: qui è stato sviluppato, sotto la guida dell’instancabile 
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collega prof. GIORGIO SALVINI, il progetto dell’elettro-sinerotrone nazionale; 
qui ha sede attualmente il Centro di Studi sulle Calcolatrici Elettroniche, 
sorto recentemente per realizzare un suggerimento che ENRICO FERMI ci diede 
a Varenna, nel Luglio scorso, pochi mesi prima di lasciarci. Tutto ciò è stato 
possibile fare grazie al concorso generoso di mezzi da parte di varie Ammi- 
nistrazioni, grazie alla comprensione di uomini illuminati che, se per orienta- 
mento e cultura non sono legati in modo diretto alla ricerca fisica, pur ne 
intuiscono l’importanza storica nel momento attuale. 

La nostra riconoscenza va al prof. POLVANI; va al prof. ENRICO AVANZI, 
Magnifico Rettore dell’Università di Pisa, che sempre pronto ad accogliere 
con giovanile entusiasmo ogni iniziativa mirante a potenziare scientificamente il 
nostro Ateneo, ha reso possibile, con il suo autorevole appoggio, quella rinascita 
dell’Istituto di Fisica, cui ho sopra accennato. Va al giovane Presidente 
dell’ Amministrazione della Provincia di Pisa, dottor ANTONIO MACCARRONE, 
che tanto ha fatto per il nostro Istituto di Fisica e per queste riunioni cele- 
brative nel quadro dell’apporto di contributi destinati allo sviluppo dell’ A- 
teneo pisano, che egli, con singolare ampiezza di vedute, ha sempre posto al 
centro dei problemi dell’ Amministrazione Provinciale. Non meno sentiti rin- 
graziamenti per i generosi contributi assegnati vanno al prof. RENATO PA- 
GNI, Sindaco di questa nobilissima Pisa. E ricordiamo ancora e ringraziamo 
gli altri membri del comitato cittadino di ospitalità: il comm. HARRY BRACCI- 
TorsI, Presidente della Cassa di Risparmio, il rag. ENRICO CIARANFI, Presi- 
dente della Camera di Commercio, il comm. CARLO VALLINI, Presidente del- 
l'Ente Provinciale per il Turismo di Pisa, cui si deve la soluzione del difficile 
problema dell’alloggio dei congressisti, curata specialmente dal suo Direttore, 
dott. Luciano CHITI, e dal suo valentissimo collaboratore, signor ALDO SA- 
VELLI. A tutti che ho nominato giunga l’espressione di gratitudine dei Soci 
della Società Italiana di Fisica e dei più giovani fisici italiani ai quali è de- 
dicato in gran parte il loro generoso intervento. 

Ancora un ringraziamento speciale al collega prof. STEFANO BONATTI, 
Preside della Facoltà di Scienze Matematiche, Fisiche e Naturali e al prof. TRI- 
STANO BOLELLI, Vicedirettore della Scuola Normale Superiore di Pisa, per 
aver messo a disposizione dei congressisti le aule destinate ai lavori delle 
Sezioni B e ©; alla signora MARIA TIMPANARO CARDINI, della Domus Galilae- 
ana, per l’apporto di mezzi e e per l'interessamento nei confronti dell’organiz- 
zazione della Mostra dei cimeli degli scienziati pisani. 

Inoltre l'Unione Internazionale di Fisica, il Consiglio Nazionale delle Ri- 


cerche per mezzo del Comitato Nazionale per la Fisica hanno dato contributi 
e per tanto desideriamo 


sostanziali per l’organizzazione di queste riunioni; 
il prof. GUSTAVO 


ringraziarne i rispettivi Presidenti, il prof. N. F. MOTT, 
COLONNETTI, il prof. ELIGIO PERUCCA. Un ringraziamento particolare vada poi 
al prof. PIERRE FLEURY, Segretario dell’Unione. 


I) M. CONVERSI 


Altri aiuti ci sono pervenuti, più o meno direttamente connessi con questa 
manifestazione, da varie Direzioni generali del Ministero della Pubblica Istru- 
zione: e ci è gradito qui ringraziare il dottor MARIO Dt DOMIZIO, Direttore 
generale della Istruzione Superiore, Ving. MARIO PANTALEO, Direttore gene- 
rale della Istruzione Tecnica, il prof. EMiLio PRICINZANO, Direttore generale 
dell'Istruzione Classica e, in particolar modo, il dottor Guipo ARCAMONE, Di- 
rettore generale delle Biblioteche, che ha reso possibile, attraverso l’elargizione 
di un generoso contributo, la sistemazione definitiva della Biblioteca della 
Società Italiana di Fisica. 

Dobbiamo ancora ringraziare la Società Anonima Larderello, nella persona 
del suo Presidente on. ALDO FASCETTI, Ente Provinciale per il Turismo di 
Lucca, presieduto dal dottor AIMONE GUERRIERI, e Azienda Autonoma della 
Versilia, presieduta dal prof. PIERO SAMPAOLESI per le gite e i rinfreschi offerti 
ai Congressisti e ai loro’ familiari. 

Per l’organizzazione del concerto in onore dei Congressisti, siamo grati 
alla Società Amici della Musica, nella persona del suo Presidente, avv. RE- 
NATO TORTORELLA. 

Al dott. CARLO ALBERTO PETRAGLIA e al 1ag. GUIDO BARGAGLI STOFFI, 
l'uno Direttore amministrativo e l’altro Economo delia nostra Università, 
esprimiamo la nostra sincera gratitudine per la loro operosa e preziosa colla- 
borazione nel sistemare tante e tante questioni piccole e grandi ed assicurare 
così il successo a tutta l’organizzazione. 

Per la compilazione del programma scientifico mi è gradito ricordare il 
dott. Ersko PoLacco dell’Università di Pisa, e, per la collaborazione data 
in alcuni particolari, i prof. GIUSEPPE OCCHIALINI e ALBERTO BONETTI del- 
l’Università di Milano, e i prof. CARLO FRANZINETTI e GIACOMO MORPURGO del- 
l’Università di Roma. 

Voglio poi anche ringraziare tutto il personale dell’Istituto di Fisica del- 
l’Università di Pisa. In special modo il prof. TULLIO DERENZINI, che ha curato 
la preparazione della Mostra di Documenti relativi alla Scuola pisana di Fi- 
sica; il sig. ANTONIO SAssu, che con perizia e precisione ha curato la messa a 
punto di alcuni particolari tecnici delle aule dell’Istituto coadiuvando l’opera 
intelligente ed alacre dell’ing. SEVERINI e del geom. PANESI; la signorina 
ANGELA COCCHELLA, Segretaria dell’Istituto, e infine la signorina MYyRIAM 
FANUCCI che, senza risparmiarsi, ha reso servigi preziosi alla Segreteria Ge- 
nerale del Congresso. 

E da ultimo desidero esprimere la mia sincera riconoscenza all’ing. RENÉ 
CorBI, Redattore del Nuovo Cimento, alla signorina TERESA PANIZZA, Segre- 
taria dell'Istituto di Fisica di Milano e alla signora ELENA DEL PUNTA, per 
tutto l’aiuto dato nell'organizzare e far funzionare la Segreteria del Congresso. 
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La Conferenza Internazionale è dedicata al problema centrale della Fisica 
del nostro secolo: quello cioè delle particelle elementari e delle forze nucleari. 
È ovvio che non è qui il caso di soffermarsi a spiegare nei particolari in che 
consista questo problema. Posso dire però qualche parola che serva a metterne 
in luce l’importanza veramente eccezionale che esso ha per la conoscenza del 
mondo fisico. 
Fino all’inizio del secolo, prima che fosse scoperta attraverso le classiche 
esperienze di Rutherford e dei suoi allievi l’esistenza del nucleo atomico, si co- 
noscevano sostanzialmente in natura due tipi di forze: quelle gravitazionali 
e quelle di natura elettromagnetica. 

| Col sorgere della Fisica nucleare, fu necessario introdurre come forze fon- 
damentali della natura un terzo tipo di forze, non riducibili alle precedenti. 
Sono queste appunto le forze nucleari, quelle che in particolare rendon ragione 
del coesistere nel nucleo atomico dei nucleoni (ossia dei protoni e dei neutroni). 
Ora mentre si conoscono le leggi del campo gravitazionale e del campo elettro- 
magnetico, le leggi fondamentali del campo delle forze nucleari non sono a 
noi note e lo sforzo dei fisici, da qualche decade, è teso in gran parte alla ricerca 
appunto di queste leggi fondamentali. E nell’intento di spiegare le forze nu- 
cleari, particelle di nuovo tipo, i mesoni, sono state «inventate» dai fisici 
teorici, prima ancora di essere «scoperte » dagli sperimentatori. 

A questa Conferenza avrebbe dovuto partecipare il prof. HIDEKI YUKAWA, 
Premio Nobel per la Fisica, proprio in riconoscimento della sua paternità nei 
confronti del mesone, da lui arditamente «inventato » venti anni or sono. Beli 
aveva ben volentieri accettato di venire; ma purtroppo qualche giorno fa ci 
ha telegrafato di esserne impedito a causa di un’improvvisa indisposizione. 
Accanto al rammarico di non averlo tra di noi desideriamo qui esprimergli 
un fervido augurio per una pronta guarigione. 

Similmente dobbiamo esprimere il nostro rammarico per non avere tra di 
noi il prof. BHABHA di Bombay e il prof. ROBERT OPPENHEIMER di Princeton, 
sulla presenza dei quali avevamo molto contato fino a pochi giorni or sono. 

Ed ora mi perdonino gli ascoltatori se passando a dare qualche precisazione 
circa l’organizzazione dei lavori scientifici, mi esprimerò in lingua inglese: mi 
perdonino coloro che non conoscono questa lingua, mi perdonino eventual 
mente coloro che conoscendola troppo bene, stenteranno forse a riconoscerla 
nella mia pronuncia.... Dirò, se occorresse viustificarlo, che ho scelto di espri- 
mermi in inglese i questa è oggi indiscutibilmente la lingua più diffusa 


nel mondo dei fisici. 


As I have. already said, two meetings are now simultaneously in course: 
the International Conference on elementary particles and the XLI National 
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Congress of Physics. On account of the great extent and variety of the subjects 
to be treated, and of the enormous number of reports and communications, 
we have deemed it convenient to collect all the heap of scientific contributions 
given to the Conference and Congress in a unique body articulated in three 
parallel Sections: A, B and O. The first two Sections are substantially devoted 
to the most important problems of the physics of particles and the third col- 
lects the remaining subjects. 

Precisely: Section A, entirely devoted to the new unstable particles, contains 
essentially experimental material; Section B, on the contrary, contains only 
theoretical papers on quantum field theory and meson-nucleon interaction: 
finally Section C collects questions concerning cosmic radiation, techniques 
of detection of nuclear processes, properties of solids, ultrasonics, microwave 
spectroscopy, etc. Many communications are obviously connected both with 
the Conference and the Congress. 

Owing to the disparity of the material presented in this last Section, an 
effort has been made to have all the results related to nuclear physics and 
cosmic rays gathered together towards the end of the Conference, in such a 
way as to follow the meson-nucleon interaction part of Section B (*). In this 
manner some experimental papers on meson-nucleon interaction (which could 
not be included in Section B), follow in Section C the theoretical results on 
the same subject included towards the end of Section B. 

For each of the main subjects treated in Sections A and B there will be a 
general report which preceeds the communications of new results, with the 
aim of focusing the present situation on the basis of published material. 

For Section A a general report on the 7-meson will be given by Professor 
AMALDI at the first session of this Section. In the same session there will 
be reported also improvements and developments in the techniques for the 
detection of elementary particles. 

A general report on « Neutral Hyperons and Mesons» will be presented 
by Dr. BUTLER in the second session. Following the new results on neutron 
particles, there will be also, at the end of this session, an introductory report 
by Prof. PowELL on «Charged heavy Mesons and Hyperons ». 

The third session is fully dedicated to the presentation of the remarkable 
contribution of the work performed at the Berkeley Bevatron. This work 
has been inserted at the beginning of the Conference, because it was felt it 
might help the general understanding of the physics of heavy mesons. 

The two following sessions include a number of results on K-mesons, 


(*) Per questo stesso criterio di far «seguire » ai lavori della Sezione B quelli della 
Sezione C che trattano di raggi cosmici, fisica nucleare e tecniche di rivelazione di pro- 
cessi nucleari, abbiamo, nella disposizione del presente fascicolo, portato questi lavori 
in testa alla Sezione 0. [N.d. R.] 
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obtained by means of nuclear emulsions and partially performed on a co- 
operative basis by groups belonging to various laboratories. 

Following a general report on « Les mésons lourds chargés dans la chambre 
de Wilson », by Professor LEPRINCE-RINGUET, the results on cosmic ray heavy 
particles observed in cloud chambers should fill the two next sessions, wile 
the hyper-fragments will be discussed after a general report by Professor DANYSz. 

The final session of Section A should be entirely devoted to a general 
discussion, chairman Professor POWELL. This discussion should be organized 
by a special Committee. 

The program of the Theoretical Section (Section B), for the preparation 
of which I must acknowledge the co-operation of Dr. MoRPURGO, includes a 
part on the general symmetry properties of relativistic quantum theory, pre- 
ceeded by a general report by Prof. WIGNER. A second part, dedicated to the 
methods of treatment of the quantum field equations, contains a general report 
by Prof. SCHWINGER, from Cambridge, Mass. and a second one by Dr. EDWARDS 
from Birmingham. The third part of the Section is devoted to the meson- 
nucleon interaction and Prof. BERNARDINI will give the introductory report 
on the latest experimental results on x-p interactions, where he will focus 
the present situation on the basis of new unpublished material (*). 

Prof. SCHRODINGER will discuss whether the mass of the photon (and ob- 
viously not of the proton as unfortunately appears in the printed program) 
must be zero. . 

Finally in Section © the communications concerning the same subject or 
analogous subjects have been opportunely assembled together. 

And now, at the conclusion of my talk, please excuse me for turning back 
to my native language. 


Desidero concludere, in italiano, queste mie parole di introduzione al du- 
plice convegno, per esprimere il compiacimento di vedere qui riuniti uomini 
di oltre venti nazioni: riuniti dal desiderio comune di conoscere di pitt la strut- 
tura del mondo fisico, riconfermando quella posizione di privilegio che compete 
al sapere, per aver rappresentato e rappresentare il legame saldissimo, che al 
di là delle barriere esistenti tra i popoli, unisce gli uomini animati da uno stesso 
superiore ideale. 


(*) Purtroppo il testo del Rapporto del prof. BERNARDINI non ci è pervenuto. [N .d./?.] 
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Quella assuefazione che si acquista col ripetere più e più volte un mede- 
simo atto in circostanze non troppo diverse, speravo mi sarebbe stata garanzia 
perchè, assumendo, per la diciottesima volta di seguito, il compito di aprire i 
lavori delle riunioni organizzate annualmente dalla nostra Società, non mi av- 
venisse di farmi prendere troppo (non esigevo di non essere preso affatto) da 
una certa commozione. 

Ma così non doveva essere, nè poteva essere. Per me, infatti, questa 
duplice riunione internazionale e nazionale non è come tutte le altre. Non è 
perchè, contrariamente a tutte le altre volte, dovrò parlare, e fin d’ora ve ne 
chiedo scusa, anche di me stesso. Non è perchè si svolge a Pisa, città cui, 
come a nessun’altra, mi uniscono ricordi, affetti, sentimenti del tutto parti- 
colari e profondamente radicati nell'animo: sono quelli delle prime speranze, 
dei primi timori, delle prime sodisfazioni, delle prime amarezze della vita; 
quelli connessi con tutto quel processo di evoluzione che, come uno stampo, 
modella il ragazzo definitivamente in uomo; quelli infine ai quali la mente tanto 
più spesso ricorre quanto maggiore ne diviene nel tempo la distanza. 

Quarant'anni sono passati da quando, nel 1915, qui compivo il quarto anno 
di studi universitari; e certo allora, partendo, proprio in quest'epoca, per 
la guerra, non imaginavo davvero che gli avvenimenti della vita mi avreb- 
bero poi riportato qui, alla mia Università, a parlare di uno dei grandi meriti 
che essa ha verso tutta la scienza e particolarmente verso la nostra scienza, 
la Fisica. 

E in questi giorni, rivedendo le mura, le stanze, i luoghi di questo edificio, 
alla dolorosa sorpresa di non incontrare qui in Sapienza, come invece mi pareva 
dovesse avvenire, tutti i miei antichi professori e salutarli e parlare con loro, 
come vecchi amici, a stento faceva argine il considerare questa bella continuità 
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di azione che riporta il vecchio studente alla sua Universita con l’animo grato 
anche verso i più remoti maestri, anche verso quelli che non ha conosciuto, 
e con l’orgoglio infantile — permettete che mi confessi perchè è espressione 
di profondo affetto — di essere lui, non altri, ad avere il privilegio di tesserne 
l’elogio. Non funebre per di più, ma di vita. 

E con la gioia anche di potere esprimere in così bella occasione la propria 
gratitudine verso questa Università, che gli fu veramente alma parens, e il 
ringraziamento più vivo ai colleghi tutti, specie al Magnifico Rettore, pro- 
fessor AVANZI, e al professor CONVERSI, amici carissimi, e a tutta la città 
per la festa fattaci e la generosa ospitalità con la quale ci ha accolto. 

Dall’altra parte sta il riconoscimento di un merito — come dissi —, a 
celebrare il quale i fisici di tutto il mondo non hanno sdegnato di riunirsi 
qui plaudendo. Anche a loro l’espressione delle più sentite grazie. 

Cotesto merito prende il nome dal nostro giornale Il Nuovo Cimento, 
sorto qui a Pisa or sono cent'anni precisi. E la sua origine è così strettamente 
legata a Pisa e agli episodi pisani del nostro Risorgimento, che è difficile 
potere parlare del giornale e della sua vita senza rifarsi ad anni assai pre- 
cedenti a quelli della sua nascita. 


Prenderemo le mosse dal 1839, quando qui ebbe luogo la celebre 
Prima Riunione degli scienziati italiani, promossa dal Granduca LeopoLpo IL 
era quel « matto » che « di tener la 


di Toscana che — come diceva il GIUSTI 
gente ciuca non conosce il bandolo ». 

Come richiamo, anche per sviare l’occhiuta polizia, era servito, natural 
mente, il nome di GALILEO; ma oltre che a spingere a nobile gara scientifica 
gli scienziati italiani, quel nome era valso ad eccitarli al risveglio nazionale, 
e soprattutto a unirli, e a stringere ulteriormente quei vincoli spontanei di 
amicizia, di stima, di colleganza, che già nel nome della comune patria e della 
scienza erano stati rafforzati dalla gloriosa Società dei XL. 

L'importanza che negli studi scientifici e particolarmente nella Fisica, ebbe 
ana e soprattutto per lo Studio 


quella riunione, fu grandissima, almeno in Tose O 
ola e dé 


di Pisa, dove il Granduca, dando retta a certe « birbe » — la par 
Giusti — che gli erano d’intorno, attuò, l’anno dopo, nel 1840, una grande e Sa- 
lutare riforma degli studi di Fisica. Le « birbe » erano il MATTEUCCI, VP ANTINORI, 
il BUFALINI, il RIDOLFI, il GIORGINI, tutti o scienziati di gran nome 0 patro- 
cinatori della scienza, che seppero per quella riforma mettere bene a pay 
sia il «benedetto vizio di mestare » che il Granduca Leopoldo aveva ereditato 
dal suo grande avo, PIETRO LEOPOLDO, filosofo € riformatore, sia anche la va 
patia che egli nutriva per le scienze fisiche, le quali già per la protezione è 1 
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mecenatismo del prozio, il principe LEOPOLDO, avevano raggiunto il loro mas- 
simo splendore con l’ Accademia del Cimento. 

La riforma portò a dividere la Sectio physico-mathematica nel Collegium 
mathematicorum e nel Collegium physicorum. Il PACINOTTI senior, che allora 
aveva l'insegnamento della Fisica sperimentale, fu assegnato al primo Col 
legium come professore di Physica technologica et Mechanica experimentis 
comprobanda, mentre al secondo Collegium venivano chiamati, per la Fisica 
sperimentale. CARLO MATTEUCCI, forlivese, uomo di grande valore scientifico, 
già famoso per i suoi lavori di elettrochimica. ed elettrofisiologia, uomo di 
grande energia e di ampie vedute; per l’insegnamento della Meccanica celeste, 
Fisica Matematica e Geodesia, OTTAVIANO FABRIZIO MOSSOTTI, novarese, già 
circondato da fama internazionale e riconosciuto come il maggiore dei fisici 
matematici che avesse allora l’Italia, e per la Chimica, due anni dopo, RAF- 
FABLE PIRIA, già distintosi altamente nello studio dei composti organici e 
specie della salicina. 

Il rinnovamento nell’insegnamento e negli studi di Fisica fu profondo e 
notevolissimo; e non solo riguardò i docenti, ma anche gli «stabilimenti » 
— come allora si diceva — cioè gli edifici destinati a istituti. Così mentre al- 
l'insegnamento della Fisica Tecnologica veniva assegnato il vecchio « stabili- 
mento» della TRIBURZI in Via Santa Maria, dall’altra parte si dava mano 
alla costruzione di un nuovo Gabinetto di Fisica che oggi costituisce la parte 
nord-orientale dell’attuale Istituto di Fisica. 

E poichè i miglioramenti e i rinnovamenti portati dalla riforma del Gran- 
duca anche negli altri campi degli studi scientifici, non erano inferiori ‘a quelli 
portati nella Fisica, l'Università di Pisa in breve sorse in alta estimazione 
dentro il Granducato e fuori. 

Naturalmente questo fervore d’opere, questo fiorire di studi, veniva seguito 
dalla cittadinanza con favore, con simpatia, con orgoglio. E un mecenate, più 
rivolto alle cose pratiche che alle teoriche, Rocco VANNUCCHI, volle affiancare 
questo risveglio scientifico, iniziando nel 1843 la pubblicazione di una rivista, 
che intitolò Miscellanee medico-chirurgico-farmaceutiche raccolte in Pisa nel 1843 
e diede a stamipare a NIocoLò CAPURRO di Pisa. 

Le Miscellanee iniziarono le loro pubblicazioni il 2 Marzo 1843 e presero 
ad uscire con tre dispense al mese di sedici pagine l’una, al prezzo annuo di 
lire italiane tredici e centesimi quaranta. Per i ricercatori di curiosità aggiun- 
gerò che gli abbonamenti si ricevevano in Via S. Maria sul canto dell'Orto 
Botanico. 

«Gli articoli che l'Opera conterrà » — si legge nelle « Condizioni all’abbuo- 
namento » — «saranno originali, firmati dal respettivo Collaboratore, e non 
tratteranno che di Medicina, Chirurgia, Botanica, Veterinaria, Chimica, Fi- 
sica e Mineralogia ». Erano ammesse come lingue, oltre l'italiana, la latina e 
la Îrancese. Bella e nobile, anche se in qualche punto tinta di ieratica enfasi, 
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la prefazione che il Direttore delle M iscellanee, lo stesso Rocco VANNUOCHI, 
premise ad esse. 

Due mesi dopo l’inizio della pubblicazione delle Miscellanee, il VANNUCCHI, 
seguendo, come dice, il suggerimento di alcuni « professori dell’Imperiale e 
Reale Pisana Università », divise le Miscellanee in due parti, la prima delle quali 
ritenne il titolo di Miscellanee medico-chirurgico-farmaceutiche, e l’altra prese 
quella di Miscellanee di Chimica, Fisica e Storia Naturale. 

Alla fine dell’anno, questa seconda parte raggiungeva le duecentottantotto 
pagine e conteneva quarantasei articoli, la maggior parte scritti da professori 
dello Studio Pisano: dal PacIinoTTI senior, dal Marreucct, dal PirIA, dal 
Pinta, dai Savi ecc. Nel complesso le Miscellanee ottennero un successo ve- 
ramente lusinghiero. 

Ma ecco nuovamente, l’anno dopo, nel 1344, un’altra modificazione essere 
apportata a questa appena esordiente attività del VANNUCCHI. La trasfor- 


mazione — come dice un « Avviso » da lui pubblicato — delle Miscellanee di 
Fisica. Chimica e Storia Naturale — si noti l'inversione nell’ordine delle tre 
discipline — «in un Giornale che si pubblicherà con un fascicolo per ogni mese 


di fogli 3 in ottavo di stampa », € suddiviso in due parti, la prima riservata a 
lavori originali, la seconda a rassegne di quelli « più importanti pubblicati al- 
VEstero in Fisica, Chimica e Storia Naturale ». E soggiungeva il VANNUO- 
cHI: « Intitolo questo mio Giornale Il Cimento nell'unica veduta di appale- 
sare lo spirito con cui è compilato, estraneo cioè a qualunque speculazione 
puramente teorica, non che ad ogni specie di polemica, e perchè nasca sotto 
gli auspici d'una delle più belle Glorie Italiane. Vivo nella fiducia » — con- 
cludeva il VANNUCCHI — « che gli Scienziati italiani vorranno col loro con- 
corso darmi mano ad un’opera, che vorrei mirasse alla centralizzazione scien- 
tifica dell’Italia ». 

Così nasceva IL Cimento. 

Esso era il frutto di tutto un processo di elevazione degli studi di Fisica 
dell’Università di Pisa, promosso dalla sana preveggenza del Granduca LEO- 
poLpo, attraverso il Congresso del 1839 e la riforma universitaria del 1840. 


Molti stranieri mi hanno 
o lingua; imbarazzo natu- 
perifrasi. Repliche 


« Cimento », parola magica, pregna di significati. 
domandato cosa voglia dire, come tradurla nella lor 
ralmente nel rispondere; tentativi di girare la difficoltà con | 
da parte dei curiosi e di rimando codicilli alle spiegazioni già date. Non UO 
fatica dunque del Direttore, è quella di spiegare esattamente cosa voglia dire 
« cimento ». 

Ecco cosa si apprende dai vocabolari 
VALBERTI, del PETROCCHI, del TOMMASEO... 


più accreditati, della Crusca, del- 
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Cimento è il « saggio », la « prova », lo « sforzo » — sentite il crescendo? —; 
è il « rischio », il « pericolo »; è anche 1° esperimento », il « paragone », il « tor- 
mento ». 

Parola maravigliosamente indovinata. Non sono forse il « saggio », la « pro- 
va »,... il « pericolo », il «tormento » i predicati della ricerca fisica? Dove tro- 
vare parola che così pienamente esprima l’ansia e il travaglio della nostra 


scienza? 
Non basta, ma « cimento » significa anche — e con ciò raggiunge il colmo 
della sua pregnanza — significa anche la « mistura » con la quale si affinano 


al fuoco, nel crogiolo, i metalli. Donde l'impresa della fornace, dei tre crogioli 
e il motto « provando e riprovando », ricavato da un emistichio dantesco (*), 
assunti dall’ Accademia del Cimento, come sua divisa. E si noti che « ripro- 
vando », preso a sè, può voler significare tanto «rifiutando » quanto « ri- 
petendo »: il procedimento col quale si scopre — per seguitare a dirla con 
DANTE — della « bella verità... il dolce aspetto ». 

Motto, impresa, nome si trovano nel frontespizio dei Saggi di naturali espe- 
rienze fatte dall’ Accademia del Cimento, pubblicati dal MAGALOTTI a Firenze nel 
1667; il quale, nel « Proemio » a quelli premesso, spiega come « dove non ci è 
più lecito metter piede innanzi » — intendi nella ricerca puramente deduttiva dei 
fatti fisici — «non vi ha cui meglio rivolgersi che alla fede dell’esperienza, la 
quale non altrimenti di chi varie gioie sciolte, e scommesse cercasse di rimet- 
tere ciascuna per ciascuna al suo incastro, così ella adattando effetti a cagioni, 
e cagioni ad effetti, se non di primo lancio, come la geometria, tanto fa, che 
provando e riprovando le riesce talora di dar nel segno... ». 

In queste parole è contenuto ogni aspetto più profondo e caratteristico 
del « cimento » scientifico. E a tal proposito non è fuor di luogo citare anche 
LEONARDO, che, per significare la maggior luce che dallo sforzo e dalla vittoria 
perviene alla mente umana, aveva detto che « al cimento si conosce il vero oro ». 

Il VANNUCCHI volle ricordare, oltre che il nome, anche impresa degli Acca- 
demici fiorentini riportando nel frontespizio del suo Cimento la vignetta della 
fornace e dei tre crogioli, ma cambiò, chissà poi perchè, il motto; e al 
luminoso « provando e riprovando » sostituì uno scialbo «provando ed osser- 
vando », che lascia freddi e sospettosi. 

Il giornale, creato dal VANNUCCHI, visse solo quattro anni, fino al 1847, 
raccogliendo pregevoli lavori del FELICI, del MATTEUCCI, del MossortI, del 
PACINOTTI senior, del Pira, del PIRIA...: per non ricordare che i maggiori 
collaboratori. 


L’anno dopo, nel 1848, gli eventi toscani connessi con i moti e con la 


(*) L’emistichio è formato dalle prime tre parole del terzo verso del terzo canto 
della terza cantica della Divina Commedia: non si può dimenticare! 
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guerra d’indipendenza obbligarono il giornale a sospendere le pubblicazioni. 

Professori e studenti non sdegnarono allora lasciare i libri, i loro gabinetti, 
i loro studi per correre in armi sul suolo di Lombardia alla liberazione della 
patria comune. E quegli stessi uomini che erano stati i principali attori del 
rinnovamento dello Studio pisano, e avevano alimentato con i loro scritti 
le Miscellanee prima e Il Cimento poi, sono ora soldati, insieme con i loro 
allievi, nelle file del Battaglione Universitario Toscano. Eccoli: sono OTTA- 
VIANO FABRIZIO MOSSOTTI, Maggiore Comandante del Battaglione, CARLO 
Marrevuccr, Commissario di Guerra, LEOPOLDO PILLA, RAFFAELE PIRIA, 
Luigi PacinoTTI capitani; ENRICO BETTI, Riccarpo FELICI, CESARE BER- 
TAGNINI fucilieri.... Molti morirono sul campo di battaglia: tra loro il PILLA; 
molti furono decorati: tra loro il Mossortt, per il valore mostrato a Curta- 
tone e Montanara. 


Il ricercatore di notizie storiche difficilmente potrà sodisfare la curiosità 
di sapere perchè, finita la guerra e professori e allievi tornati a Pisa ai loro 
studi, IT Cimento non abbia ripreso subito a pubblicarsi: un silenzio impene- 
trabile nasconde tuttora questa circostanza. 

Le pubblicazioni ricominciarono solo sette anni dopo, cioè cent'anni fa 
precisi, nel 1855: ne hanno il merito CARLO MATTEUCCI è RAFFAELE PIRIA, 
i quali furono « assistiti » (come si legge nel frontespizio) dai dottori RICCARDO 
FELICI e CESARE BERTAGNINI, giovanissimi, fisico Puno, chimico Valtro. 

Il giornale, risorgendo, prese il titolo di Il Nuovo Cimento è la qualitica 
di «Giornale di Fisica, Chimica, € delle loro applicazioni alla Medicina, alla 
Farmacia e alle Arti industriali ». Ed è interessante osservare che riprese le 
pubblicazioni zitto zitto, alla chetichella, come fosse cosa naturalissima, come 
nulla fosse avvenuto; le riprese senza un rigo di presentazione, senza un 
accenno al passato, abolendo la vignetta e il motto; forse era vergognoso di 
essersi fatto attendere troppo. 

E non è da dire che dopo tanto silenzio, avesse la voce fioca, se nel primo 
fascicolo della ripresa, Gennaio 1855, troviamo un bel gruppo di memorie del 
MATTEUCCI, del PIRIA, di GIOVAN BATTISTA AmIcI, del MARIANINI, del SECCHI, 
del CannIZzzARO e del MOSSOTTI...: un fascicolo tutto italiano e proprio da 
festa, quale era veramente quella ripresa per la Fisica italiana. 

Così è sorto Il Nuovo Cimento. 

E noi, che ammiriamo il MATTEUCCI e il PIRIA per la loro scienza e la loro 
dirittura morale, li ammiriamo anche per questo loro stile di rifuggire dalle 
chiacchiere inutili, e tendere più ai fatti che alle parole. Soprattutto poi siamo 
loro grati di aver dato, col nuovo giornale, al fisici d’Italia, una palestra dove 
incontrarsi e cimentandosi alla ricerca conoscersi, stimarsi, affiatarsi. Bd 
abbiamo la certezza che proprio per questa origine così italiana del giornale, 
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così connessa e sanamente connessa al mondo degli studi, così fortunata nel 
riallacciamento alla più antica tradizione galileiana, è avvenuto e avviene tut- 
tora che tutti i fisici d’Italia siano sempre stati premurosi per questa loro 
creatura; e, comprendendo che proprio in questa unità d’intenti e unicità di 
pubblicazione è la loro forza anche al di là dei confini patri, non abbiano mai 
cercato di costituire un altro giornale di Fisica in concorrenza ad esso: ed io 
auguro ed ammonisco che ciò non sia mai per avvenire. 


*k > * 


Il secolo di vita, or ora compiuto dal Nuovo Cimento, può dividersi in tre 
momenti: il primo dall’origine al 1897 (vedremo tra poco il perchè di questa 
data), il secondo dal 1897 alla seconda guerra mondiale, il terzo dalla guerra 
in poi. 

Il primo direi che è caratterizzato da una certa curiosa incertezza nelle 
finalità: da « Giornale di Fisica, Chimica, e delle loro applicazioni alla Medicina, 
alla Farmacia e alle Arti industriali », divenne l’anno dopo, 1856, « Giornale di 
Fisica, Chimica, e Scienze affini »; poi, nel 1860, « di Fisica, Chimica, e Scienze 
naturali »; poi, nel °73 aggiunse alla lista delle discipline or ora ricordate, la 
« Fisica matematica »; nel ’77 si ridusse alla « Fisica sperimentale e alla Fisica 
matematica ». E finalmente nel 1895 si rivolse alla sola « Fisica » senza altre 
denominazioni: aveva finalmente trovato la sua strada. 

In queste sue peregrinazioni mantenne sempre nel titolo, dal 1865 in poi, 
la frase « fondato da CARLO MATTEUCCI e RAFFAELE PIRIA », ed ebbe come 
direttori simultaneamente, all’origine, il MATTEUCCI e il PIRIA; poi, a que- 
sti si unì GIUSEPPE MENEGHINI; poi, sempre simultaneamente, il BETTI e il 
FELICI, poi il FELICI e il VOLTERRA e infine il FELICI, il VOLTERRA e il BAT- 
TELLI; e furono proprio questi tre ultimi a portare il giornale ad occuparsi di 
Fisica e solo di Fisica in tutti i suoi rami e a conferire ad esso quella fisio- 
nomia che sostanzialmente possiede tuttora. 

L'essere unico giornale di Fisica d’Italia, l’aver avuto sempre o come 
direttore o condirettore i professori di Fisica di Pisa, l’essere rimasto sempre 
legato a Pisa anche per la stampa, prima alla Tipografia CAPURRO, poi a 
quella « della Minerva », poi a quella PIERACCINI: tutte queste circostanze 
portarono a legare tutti i fisici d’Italia a questa Città, alla sua Università, ai 
suoi Maestri. Era naturale quindi che questo sodalizio che si era venuto for- 
mando, attraverso il giornale, tra tuttii fisici italiani, si mutasse in una società 
vera e propria, la quale dichiaratamente si costituì, col nome di Società Ita- 
liana di Fisica, nel 1897 per merito del FELICI, del Rorri, del VOLTERRA e 
soprattutto del BATTELLI, instancabile animatore della ricerca fisica, allora sue- 
ceduto sulla cattedra di Fisica sperimentale al FELICI ritiratosi in pensione. 

Con la costituzione della Società si inizia il secondo periodo del Nuovo 
Cimento. 


sey 
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La circolare con la quale i promotori della Societa chiamavano i fisici 
d'Italia a consociarsi conteneva un'importante dichiarazione: il prof. FELICI 
allora proprietario del Nuovo Cimento, cedeva il giornale alla Società aon 
questa lo assumesse come suo organo ufficiale e i Presidente della Societa ne 
fosse uno dei direttori. 

Con la costituzione della Società il giornale acquistò maggiore diffusione e 
ottenne un maggiore numero di scambi con altre pubblicazioni italiane e stra- 
niere. Ma soprattutto, per il fatto che il Presidente della Società, che è eletto 
su base nazionale, doveva essere anche condirettore del giornale, questo pur 
mantenendosi legato a Pisa, come figlio alla madre, venne ad acquistare sempre 
più una caratteristica schiettamente pazionale e a collegarsi quindi a tutte le 
attività della Società, anzi della Fisica italiana e ad esserne il centro, specie 
di quelle connesse a congressi nazionali e internazionali, cominciando dal famoso 
Congresso del 1899 a Como per il primo centenario dell’invenzione della pila. 

Alla condirezione si avvicendarono il Rorrr di Firenze, il RIGHI di Bologna, 
il VOLTERRA di Roma, il CANTONE di Napoli, il GARBASSO di Firenze, il Cor- 
BIxo di Roma e infine QUIRINO MAJORANA di Bologna che rimase alla duplice 
carica ben ventidue anni dal 1925 fino al 1947. Inoltre col MAJORANA la stampa 
del giornale, che dalla Tipografia PIERACCINI era intanto passata alla Tipo- 
orafia NISTRI LISCHI di Pisa, venne portata a Bologna, e la diffusione affidata 
alla Casa ZANICHELLI. 

La guerra ultima, non ostante che alla direzione si affiancasse al MAJORANA 
il suo giovane e valente successore, il BERNARDINI, portò nel giornale guasti 
profondi, come altri non minori nella Società e in tutta la Fisica italiana. 

La ripresa sopravvenne fimalmente, anche se tardiva, nel 1947, anno col 


quale si inizia il terzo periodo del giornale. 
* OK OK 


E qui il discorso ritorna ad essere difficile, perchè debbo parlare di me, cui 


fu affidato dai colleghi, nel Maggio di quell’anno, il compito della ricostruzione. 


Ma se questa fu rapida ed efficiente, il merito si deve anzitutto all’ing. GIO- 


VANNI ENRIQUES, Presidente della Casa ZANICHELLI, e al dott. Ezio DELLA Mo- 
nica, Direttore di essa, che concessero largo credito; ai molti oblatori — tra 


nticabile il compianto Conte PRASSITELE PICCININI di Milano, 


i quali indime 
e di chiamata 


che donò le prime migliaia di lire per mandare in giro la circolar 
a raccolta dei fisici —; all'Università e al politecnico di Milano; alla Cassa di 
Risparmio delle Provincie Lombarde; a varie Società industriali milanesi, 

LE Yer : BERE 
VEdison, la Montecatini, la Pirelli; allIstituto Superiore di Sanita; al Con 


sielio Nazionale delle Ricerche, che è ancor oggi il nostro maggiore sovven- 
zionatore; agli stessi fisici italiani, specie ai giovani che ripresero a lavorare 
con grande lena, grande abnegazione, grande fiducia (e chi pensi alle condi- 
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zioni di vità nel 1947 apprezzerà queste virtù), e non esitarono a fare qual- 
siasi privazione — e in alcuni casi essa fu veramente dura — pur di soste- 
nere con la propria quota sociale Ja Società e il giornale; al Comitato di 
Redazione; agli operai di Bologna che collaborarono perdutamente, compren- 
dendo che c’era qualcosa di più grosso da salvare che non il solo giornale, il 
nome d’Italia nella Fisica; e infine all’ingegner CoRBI cui veramente « nullum 
par elogium ». 

Liberato il giornale dalla così detta Rivista del Nuovo Cimento, pubblica- 
zione a latere che, se si fosse voluta mantenere fedele al titolo, era difficile poter 
far vivere; e creato il Supplemento al Nuovo Cimento, pubblicazione senza 
impegni troppo definiti, che raccoglie articoli, rassegne, informazioni, corsi di 
Fisica, come quelli di Varenna, rendiconti di congressi, ecc., Ll Nuovo Cimento, 
rimasto come rapida gazzetta per i lavori di Fisica di maggior attualità, e 
il Supplemento si sono largamente diffusi e ingranditi, giovandosi anche del- 
l’intensa attività scientifica della Società. Per farsene un’idea si pensi che dalle 
quattrocento pagine del 1947, Il Nuovo Cimento è oggi sulla via di raggiun- 
gere le quattromila e ciò senza perdere in qualità, anzi, a detta di tutti, anche 
dei più arcigni censori, guadagnando ulteriormente. 


ORO 


Voglio ora nominare quelli, tra gli estinti, che hanno maggiormente contri- 
buito con i loro lavori scientifici alla fama e al pregio del giornale. Molti già 
li conosciamo, altri è doveroso citare: Amici, MATTEUCCI, MossoTTI, BETTI, 
CANNIZZARO, BELTRAMI, BELLI, BARTOLI, DONATI, PLANA, ROITI, RIGHI, 
LosuRDO, LEVI-CIVITA, GARBASSO, RICCI-CURBASTRO, BATTELLI, PACINOTTI 
padre e figlio, PUCCIANTI, CORBINO, VOLTERRA, ETTORE MAJORANA, ENRICO 
FERMI del quale ancora piangiamo la scomparsa. A tutti la nostra viva rico- 
noscenza. 

E non minore a voi, italiani e stranieri, collaboratori carissimi di quest’ul- 
timo periodo, dei quali moltissimi qui presenti, vada la nostra riconoscenza 
con la promessa di fare sempre tutto il possibile per migliorare ancora il 
nostro giornale, al quale rivolgiamo l'augurio di ancor più vasta fortuna. 


Ed ora vorrei, concludendo questa mia rievocazione, chiedere al Rettore 
Magnifico e amico carissimo, di permettermi di offrirgli, a nome della Società 
tutta, l’ultimo fascicolo del Nuovo Cimento, come espressione di affetto, di ri- 
conoscenza verso lo Studio Pisano e verso lui personalmente. Glielo offro, 
questo fascicolo di Giugno, così come viene dalla macchina, senza aggiungere 
il consueto lenocinio della rilegatura in pelle e delle borchie metalliche: così 
come è, con la sua copertina verde — il colore un po’ della povertà e un po’ 
della speranza —, col suo titolo in vecchi caratteri duri e severi, con l'impresa 
e il motto dell’Accademia del Cimento e soprattutto con il suo contenuto di 


«IL NUOVO CIMENTO » 163 


diciotto memorie, due note tecniche, dieci lettere alla Direzione, recensioni 
e indici: il tutto distribuito su trecentoquaranta pagine: mole non di eccezione, 
perchè già quasi raggiunta da altri fascicoli precedenti. 

Questo omaggio vuole avere il significato della visita doverosa e affettuosa 
che il figlio, dopo la lunga peregrinazione di un secolo per tutto il mondo, 
fa al luogo di origine, per salutare tutti, prendere coraggio, rinsaldare la fi- 
ducia in sè e negli eventi, ed iniziare una ancora più ampia peregrinazione, 
portando alto e ovunque il nome d’Italia, di Pisa, di questa gloriosa Univer- 
sità, dell’Istituto di Fisica ove nacque. 

Sfogliando il fascicolo osserverai, caro Rettore, che molti articoli di fisici 
italiani sono scritti in lingua straniera. Può dispiacere; dispiace. Ma bisogna 
essere realisti, e se si vuol fare conoscere i propri lavori bisogna parlare la lingua 
più diffusa. Una volta era il latino, oggi no. Anche questo può dispiacere; 
dispiace. In compenso però — ne siamo sicuri — abbiamo fatto maggior propa- 
ganda di lingua italiana e di italianità all’estero, stampando, mettiamo, in 
cattivo inglese, che in cruscheggiante italiano. 

Osserverai anche che il giornale ha acquistato carattere internazionale. 

È questo forse uno dei suoi titoli di merito. Del resto ciò era nei voti del 
suo remoto fondatore, Rocco VANNUCCHI. 

Egli scriveva, infatti, nella prefazione a quelle Miscellanee che sono diven- 
tate, per la Fisica, Il Cimento prima e Il Nuovo Cimento poi — prefazione 
quindi che può costituire l'atto di fondazione del nostro giornale —, scriveva, 
dico, queste parole, che ancor oggi, e più se riportate all’epoca, 1843, in cui fu- 
rono scritte, maravigliano, tanto sono al disopra della comune, bassa piccineria 
degli orgogli nazionali male intesi e dei campanilismi sciocchi, tanto sono piene 
di augurio e di auspicio a ciò che è l'aspirazione stessa di tutta umanità. 

«Noi non sappiamo negare che ardua è la nostra impresa — ma abbiamo 
invocata l'assistenza di tutti i più srandi ingegni d'Europa e la speriamo con 
fiducia. Perchè, è passata, la Dio mercè, quella età in cui malinteso amor 
nazionale mettea barriere tra popoli e popoli, e faceva un campo di battaglie 
di quest’orbe, che deve esser il tempio di un'unica fraternità. In faccia al 
progresso, come i fiumi si versano in un oceano comune, così le glorie dei sin- 
goli popoli si fondono in una gloria, gloria umanitaria — e l'Italiano, il Fran- 
cese, l’Inglese, 1 Alemanno sente che non debbe esser tutto d’Italia, di Francia, 
d'Inghilterra, d’ Alemagna; ma dell’uomo. Così nella unione, lo sguardo della 
mente dell’uomo diviene onniveggente per iscuoprire i segreti della natura; 
e la industria umana onnipotente diviene a conquistare della natura le forze. 
Così ne lusinghiamo di coope razione dai Sapienti — ai quali sarà premio 
troppo piccolo la nostra riconoscenza, Ma grandissima la satisfazione di avere 
potentemente adoprato all’umano incivilimento. » 


Ho Vonore di dichiarare, 0 Signori, che il nostro ciornale ha mantenuto 


fede alla parola data. 
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Mostra di documenti 
relativi alla Scuola pisana di Fisica. 


T. DERENZINI 


Istituto dì Fisica dell'Università - Pisa 
Scuola Normale Superiore - Pisa 


La Mostra che, in occasione della Conferenza Internazionale sulle particelle 
elementari e del XLI Congresso Nazionale di Fisica tenutisi a Pisa nel 
Giugno 1955, ebbi Vonore di organizzare su invito del prof. POLVANI, Presi- 
dente della Società Italiana di Fisica, è il risultato della cordiale collabora- 
zione tra la Presidenza della stessa Società, la Scuola Normale Superiore, la 
Biblioteca Universitaria e la Domus Galilaeana di Pisa; ed ebbe lo scopo di 
sollecitare al ricordo o alla conoscenza di uomini, di cose e di fatti collegati a 
Pisa nel nome della nostra scienza. 

La Mostra ebbe luogo nella Sala maggiore della Biblioteca della Scuola 
Normale Superiore. Molti furono i visitatori, lieto il successo. 


Prima di passare all’elenco dei documenti e cimeli presentati alla Mostra 


crediamo opportuno dare qualche sommaria notizia delle persone alle quali 
essi si riferiscono. 


GALILEO GALILEI — Nato a Pisa il 15 Febbraio 1564, morto ad Arcetri (Firenze) 
’8 Gennaio 1642. Professore allo Studio Pisano dal 1589 al 1592. 


BENEDETTO (al secolo ANTONIO) CasreLLI — Nato a Brescia (o nei dintorni) verso il 
1578, morto a Roma nel 1643. Padre Benedettino. Discepolo e collaboratore di 
Galileo. Lettore di Matematiche allo Studio Pisano dal 1613 al 1626. 


GIOVANNI ALFONSO BORELLI — Nato a Napoli (o a Messina?) il 28 Gennaio 1608, morto 


a Roma il 31 Dicembre 1679. Discepolo di Galileo. Professore di Matematiche allo 
Studio Pisano dal 1656 al 1664. 
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ALESSANDRO MarcHETTI — Nato a Pontormo (Firenze) il 17 Marzo 1633, morto a Pisa 
il 6 Settembre 1714. Allievo del Borelli cui succedette nello Studio Pisano come 
professore dal 1760 di Filosofia e poi di Matematiche. Traduttore ammirato del 
De Rerum Natura di Lucrezio. 


Guro GRANDI — Nato a Cremona il 1° Ottobre 1671, morto a Pisa il 4 luglio 1742. 
Padre Camaldolense. Abate di S. Michele Sotto Borgo a Pisa. Professore di 
Matematiche nello Studio Pisano dal 1714 in poi. Giudicato da Newton come il 
maggior matematico « di 1A*dal mare ». 


GIOVANNI CLAUDIO FrRoMOND — Nato a Cremona nel 1703, morto a Pisa nel 1765. 
Professore di Matematiche allo Studio Pisano. Uno dei dotti più insigni dell’epoca. 


CarLo ALFONSO GUADAGNI — Nato a Firenze nel 1722, morto a Firenze il 1° Feb- 
braio 1801. Fu il primo professore di Fisica Sperimentale dello Studio Pisano dal 
1748 al 1795. 


GiusePPE ANTONIO SLOP DE CADENBERG — Nato a Caden (Trento) nel 1740, morto 
nel 1808 a Pisa. Insigne astronomo presso la Specola pisana. 


OrravIANo Faprizio MOSsoTTI — Nato a Novara il 18 Aprile 1791, morto a Pisa il 
20 Marzo 1863. Dal 1840 professore di Fisica Matematica e di Meccanica Celeste 
nell’ Universita di Pisa. Comandante, col grado di Maggiore, del Battaglione Uni- 
versitario del 1848: combattè a Curtatone e Montanara, meritando la medagha 
@argento del Granduca di Toscana. Insigne matematico e fisico; fondatore della 
Scuola pisana di Fisica-matematica. 


Luter Pacrnorti — Nato a Pistoia il 4 Marzo 1807. morto a Pisa il 23 Novembre 1889. 
Capitano nel Battaglione Universitario del 1848: combattè a Curtatone è Mon- 
tanara. Professore di Fisica Sperimentale all'Università di Pisa dal 1831 al 1840, 
poi dal 1840 al 1881 di Fisica Tecnologica per studenti d’ingegneria. 


CarLo MartEUCCI — Nato a Forlì il 20 Giugno 1811, morto a Firenze il 20 Giugno 1868. 
Dal 1840 professore di Fisica nell’ Universita di Pisa e fondatore dell’attuale Isti- 
tuto di Fisica di quella Università. Commissario di guerra per il Battaglione Uni- 
versitario del 1848. Ministro della Pubblica Istruzione nel 1862. Insigne fisico © 
biologo. Fondò a Pisa nel 1855, insieme con Raffaello Piria, IT. Nuovo Cimento. 


RAFFAELE Piria — Nato a Scilla di Calabria il 20 Agosto 1813, morto a Torino il 
18 Luglio 1865. Professore di Chimica all’Universita di Pisa dal 1842 al 1856. 
Capitano nel Battaglione Universitario del 1848: combattè a Curtatone e Mon- 


] RE 7 Ne a 20] Ta n) limo: 
tanara. Fondò a Pisa nel 1855, msieme con Carlo Matteucci, Il Nuovo Cimento. 


Riccarpo FELICI — Nato P11 Giugno 1819 a Parma, morto a Filettole (Pisa) il 20 Lu- 
glio 1902. Tenente nel Battaglione Universitario del 1848: combattè a Curtatone 
e Montanara. Professore di Fisica all’Università di Pisa dal 1846 al 1893. Insi- 
gne fisico e maestro. 


Enrico Berti — Nato il 21 Ottobre 1823 presso Pistoia, morto a Soiana (Pisa) 
P11 Agosto 1892. Allievo dell’ Universita © della Scuola Normale di Pisa. Malo 
nel Battaglione Universitario del 1848: combattè a Curtatone © Montanara. Pro- 
fessore di Fisica Matematica all’Università di Pisa dal 1857. Direttore della Scuola 


Normale Superiore dal 1865 al 1874 e dal 1876 al 1892. Insigne matematico è fisico- 


matematico. 
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Anronro PacinortI — Figlio di Luigi: nato a Pisa il 17 Giugno 1841, morto a Pisa 
il 25 Marzo 1912. Allievo dell’Università di Pisa. Partecipò alla guerra del 1859 
a Goito. Nel 1881 successe al padre Lurci nella cattedra di Fisica Tecnica del. 
L'Università di Pisa. Inventore della dinamo e del motore a corrente continua. 

AnmtoxIo Rorri — Nato ad Argenta (Ferrara) il 26 Maggio 1843, morto a Roma l’8 No- 
vembre 1921. Allievo dell’Università e della Scuola Normale Superiore di Pisa 
(1868-1871). Dal 1881 ordinario di Fisica Sperimentale all’Istituto di Studi Supe- 
riori di Firenze. Svolse importanti lavori sperimentali per la costruzione dell’ohm 
campione. Insigne fisico e maestro. 

ApoLro BarroLI — Nato a Firenze il 19 Marzo 1851, morto a Pavia il 18 Luglio 1896. 
Allievo dell’Università e della Scuola Normale Superiore di Pisa (1869-1873). Pro- 
fessore di Fisica Sperimentale all’Università di Catania e poi di Pavia dal 1886. 
Celebre per i suoi studi termodinamici sulla pressione di radiazione. 

GreGoRrIO Ricci-CurBAstrRo — Nato a Lugo il 12 Gennaio 1853, morto a Bologna il 
6 Agosto 1925. Allievo dell’Università e della Scuola Normale Superiore di Pisa 
(1873-1875). Professore di Fisica Matematica a Padova dal 1881. Fondatore del 
Calcolo differenziale assoluto. 

Vito VoLTERRA — Nato ad Ancona il 3 Maggio 1860, morto a Roma l’11 Ottobre 1940. 
Allievo dell’ Università e della Scuola Normale Superiore di Pisa (1879-1882). Pro- 
fessore di Meccanica Razionale all’ Università di Pisa dal 1883 al 1892; poi a quella 
di Torino e dal 1900 al 1931 a quella di Roma, ove succedette al Beltrami. Tenne 
corsi anche alla Sorbona e presso altre Università straniere. Insigne matematico e 
fisico-matematico. 

Lurci PuccIANTI — Nato a Pisa il 6 Luglio 1875, morto a Pisa il 9 Giugno 1952. Allievo 
dell’ Universita di Pisa, dove fu chiamato professore di Fisica Sperimentale dal 1917. 
Illustre cultore di Ottica fisica e di Elettrodinamica. 

Enrico FERMI — Nato a Roma il 29 Settembre 1901, morto a Chicago il 28 Novem- 
bre 1954. Allievo dell’Università e della Scuola Normale Superiore di Pisa dal 
1918 al 1922. 


Ecco ora Velenco dei documenti presentati alla Mostra. 


1. Lettera di GALILEO GALILEI a Fra Paolo Sarpi; Padova, 16 Ottobre 1604. 


Autografo appartenente alla Biblioteca Universitaria di Pisa e conservato presso la Domus 

Galilaeana. 

La lettera tratta delle leggi della caduta dei gravi ed è riportata a pag. 115 
del Vol. X delle Opere di Galileo Galilei, Edizione Nazionale. Le Tavole I e IT 
riproducono l’autografo in questione. 


2. Ultima parte di una lettera di GALILEO GALILEI a Vincenzo Giugni; 
Padova, 25 Giugno 1610. 

Autografo appartenente alla Biblioteca Universitaria di Pisa e conservato presso la Domus 

Galilaeana. 

La lettera parla di una collana d’oro regalata a Galileo dal Granduca di 
Toscana Cosimo II e dell'opposizione fatta da alcuni detrattori alle sue scoperte. 
La lettera è riportata a pag. 379 del Vol. X delle Opere di Galileo Galilei, Edi- 
zione Nazionale. 
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« Le operazioni del compasso geometrico et militare di GALILEO GALILEI »; 

a a eye . î 4 
Padova, 1606 (editio princeps). 


Copia appartenente alla Domus GaJlilaeana. 


«Sidereus Nuncius ... » di GALILEO GALILEI; Venezia, 1610 (editio princeps); 
due esemplari. 


I due esemplari appartengono uno alla Biblioteca Universitaria di Pisa e uno alla Domus 
Galilaeana. 


È il famosissimo opuscolo col quale Galileo annunciò le sue grandi scoperte 
astronomiche, fra le quali quella dei satelliti di Giove. 


«Discorso ... intorno alle cose che stanno in sù l’acqua ò che in quella 
si muovono » di GALILEO GALILEI; Firenze, 1612 (seconda edizione). 


Esemplare appartenente alla Domus Galilaeana. 


Quest'opera è stata scritta per invito del Granduca Cosimo II in seguito ad 
una disputa con Lodovico delle Colombe, peripatetico, relativa al galleggiare dei 
corpi solidi. 


«Istoria e dimostrazioni intorno alle macchie solari e loro accidenti com- 
prese in tre lettere scritte ... dal signor GALILEO GALILEI Linceo »; Roma, 
1613 (editio princeps). 


Esemplare appartenente alla Biblioteca Universitaria di Pisa e conservato presso la Domus 


Galilaeana. 


«Lettera di GALILEO a Madama Cristina di Lorena. Tip. Salmin. Stam- 
pato coi caratteri del Dantino onde superare qualsiasi altra minuscola 
edizione, Maggio 1897 » (editio unica); due esemplari. 


I due esemplari appartengono alla Domus Galilaeana. 


Rarità bibliografica. Il libriccino, stampato con i caratteri « occhio di mosca » 
di Antonio Farina, piacentino, già usati per la stampa del « Dantino » (cioè della 
Divina Commedia), ha dimensioni piccolissime: il formato della pagina è 
9 mmx15 mm, l’altezza della costola 8 mm: è forse il più piccolo libro del mondo. 
È un omaggio tecnico dei fratelli Antonio e Luigi Salmim, tipografi padovani, a 
Galileo per questa sua famosa lettera scritta nel 1615 (in ampliamento ad altra 
del 21 Dicembre 1613 a Benedetto Castelli) circa l’interpretazione di alcuni passi 
della Bibbia riguardanti la costituzione del mondo. 


dove nei congressi di quattro 


« Dialogo di GALILEO GaLiLei Linceo .. 
Sistemi del Mondo Tolemaico, 


giornate si discorre sopra i due Massimi 
e Copernicano »; Firenze, 1632 (editio princeps). 


Esemplare appartenente alla Biblioteca Universitaria di Pisa e conservato presso la Domus 


Galilaeana. 


DI i Ne " 
Questa celebre opera fu causa del secondo processo di Galileo. 


12 — Supplemento al Nuovo Cimento. 
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«Discorsi e dimostrazioni matematiche intorno a due nuove Scienze ... del 
Signor GALInHO GALILEI Linceo »; Leida, 1638 (editio princeps). 


Esemplare appartenente alla Domus Galilaeana. 


« Dialogus de Systemate Mundi, auctore GALILEO GALTLET »; Lugduni, 1641 
(editio princeps). 


Esemplare appartenente alla Domus Galilaeana. 


« Demostrazioni geometriche della misura delle acque correnti » di BENE- 
DETTO CASTELLI; Roma, 1639 (editio princeps). 
È in un volume di miscellanea appartenente alla Biblioteca Universitaria di Pisa. 


Per quest'opera il Castelli è considerato il fondatore di una nuova scienza: 
l’Idraulica. 


Lettera di ALFONSO. BoRELLI ad Alessandro Marchetti (?); Pisa, 24 
Febbraio 1659. 


Autografo appartenente alla Biblioteca Universitaria di Pisa e conservato presso la Domus 
Galilaeana. Esso è contenuto in un medesimo fascicolo con altre lettere autografe del Bo- 
relli, del Magliabechi, ecc. 


La lettera tratta della natura delle comete. 


« Theoricae Mediceorum Planetarum ex causis physicis deductae ... » di 
ALFONSO BORELLI; Firenze, 1666. 
Esemplare appartenente alla Domus Galilaeana. 


In quest'opera l'Autore cerca di spiegare, per mezzo dell’attrazione, il moto 
dei satelliti di Giove. 


«De motu animalium. IO. ALPHONSI BORELLI... opus postumum »; Roma, 
1680-1681, (editio princeps). 


Esemplare appartenente alla Domus Galilaeana. 


In quest'opera il Borelli applica le Matematiche allo studio dei problemi di 
Meccanica Animale meritandosi la fama di fondatore della Scuola iatromeccanica. 


«De vi percussionis et motionibus naturalibus a gravitate pendentibus 
sive introductiones... ad opus... de motu animalium » di ALFONSO BORELLI, 
Liegi, 1686, (editio prima belgica). 

Esemplare appartenente alla Domus Galilaeana. 


In quest'opera, stampata la prima volta a Bologna nel 1667, il Borelli tratta 
ampiamente della costituzione dei fluidi e in particolare dei gas. 
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16. Lettera di ALESSANDRO MARCHETTI a Francesco Redi; Lucca, 1665. 


Manoscritto (del Marchetti?) appartenente alla Biblioteca Universitaria di Pisa e conservato 
presso la Domus Galilaeana. 


Il Marchetti riferisce sia le osservazioni da lui fatte intorno alla cometa degli 
anni 1660 e 1661, sia quelle che va facendo intorno alla cometa presente. 


17. «Fundamenta Universae Scientiae — De motu uniformiter accelerato a 
Galileo Galilei primum iacta, ab Evangelisto Torricellio, aliisque celeber- 
rimis Mathematicis confirmata; nunc vero... stabilita ab ALEXANDRO MAR- 
CHETTI... »; Pisa, 1674. 


Esemplare appartenente alla Biblioteca Universitaria e conservato presso la Domus Galilaeana. 


18. « Lettera di ALESSANDRO MARCHETTI a Bernardo Trevisano »; Lucca, 1711. 
Esemplare appartenente alla Biblioteca Universitaria di Pisa e conservato presso la Domus 
Galilaeana. 


Lettera polemica con la quale il Marchetti ribatte le «ingiuste accuse» fattegli 
dal Grandi circa i procedimenti di quadratura del cerchio, dell’iperbole ecc. 


19. «Di Tito Lucrezio Caro — Della Natura delle cose — Libri Sei — Tradotti 
da ALESSANDRO MARCHETTI »; Londra, 1717 (editio princeps, postuma). 


Esemplare appartenente alla Biblioteca Universitaria di Pisa. 


20. Lettera di Guino GRANDI a Giacomo Hermann; Pisa (?), senza data. 


Autografo contenuto nel XVII dei diciotto Volumi del Carteggio di Guido Grandi, appar- 
tenenti alla Biblioteca Universitaria di Pisa e conservati alla Domus Galilacana. 


La lettera tratta di questioni inerenti il calcolo infinitesimale. 


21. « Istitutiones Physico-Mechanicae seu Scientia Motus » di GuIDO GRANDI. 


Esse sono contenute nel X dei ventisei Volumi di Manoscritti del Grandi appartenenti alla 
Biblioteca Universitaria di Pisa e conservati presso la Domus Galilaeana. 


Lezioni autografe dettate dal Grandi allo Studio Pisano. 


992. « Institutiones Physicae » di [GIOVANNI] CLAUDIO FROMOND; Pisa, 1751-1756. 


Opera manoscritta appartenente alla Biblioteca Universitaria di Pisa e conservato presso la 
Domus Galilaeana. 
A AM O 
93. «Lettera del Dott. CARLO ALFONSO GUADAGNI... all’Ill.mo Sig. Cavaliere 
Pietro Gaetano Grifoni »; Pisa, 2 Aprile 1767. 


Psemplare appartenente alla Biblioteca Pacinotti presso la Domus Galilaeana. 


La lettera tratta della costruzione di un barometro portatile. 


26. 


28. 
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«Specimen experimentorum naturalium quae singulis annis in Mustri Pi- 
sano Lycceo exhibere solet CARoLUS ALFONSUS GUADAGNIUS... Editio 
altera auctior »; Pisa, 1779. 

Rsemplare appartenente alla Biblioteca Pacinotti presso la Domus Galilaeana. 


In quest'opera il Guadagni espone il metodo e gli argomenti del primo inse- 
enamento di Fisica Sperimentale nell’ Università di Pisa. 


Manoscritto relativo ad osservazioni (fatte da vari astronomi) delle co- 
mete del 1668 di GIUSEPPE ANTONIO SLOP DE CADENBERG. 


Autografo contenuto nel IT dei due Volumi di manoscritti vari appartenenti alla Biblioteca 
Universitaria di Pisa e conservati presso la Domus Galilaeana. 


n - . L . x a Ci 
«Novi Planetae Observationes et Theoria auctore JOSEPHO SLOP DE 
CADENBERG »; Pisa, 1782. 

Esemplare appartenente alla Biblioteca Pacinotti presso la Domus Galilaeana. 

Il frontespizio di questo opuscolo reca una vignetta (vedi la Tavola II in alto) 
che rappresenta la torre dell’antica Specola Pisana (costruita da Giulio Foggini 
intorno al 1737 e parzialmente demolita un secolo dopo). Alla destra della torre. 
per chi guarda la vignetta, sono due case. Quella contigua alla torre e la parte 
di questa restata dopo la parziale demolizione. costituiscono attualmente, con altra 
fisionomia esterna però, la Domus Galilaeana; l’altra casa, più bassa e più pic- 
cola, a destra della prima, è Vantico Gabinetto di Fisica fondato nel 1748 da Carlo 
Alfonso Guadagni, poi divenuto, nel 1840, Gabinetto di Fisica Tecnologica di L. 
Pacinotti. Quivi nacque e morì A. Pacinotti. 


«Sur les forces qui régissent la constitution intérieure des corps. Apergu 
pour servir a la détermination de la cause et des lois de Vaction molécu- 
laire » di OTTAVIANO FABRIZIO MossoTTI; Torino, 1836. 

Esemplare appartenente alla Domus Galilaeana. 


Opuscolo famoso tradotto anche in varie lingue europee. 


Lettera di Amedeo Avogadro a OTTAVIANO FaBRrIZzIO Mossorrr: Quare- 
gna, 29 Settembre 1837. 
Autografo appartenente alla Scuola Normale Superiore di Pisa. 


La lettera tratta della costituzione della materia. 


«Atti della prima Riunione degli Scienziati Italiani tenuta in Pisa nel- 
Ottobre 1839»; Pisa, 1840 (editio princeps). 

Esemplare appartenente alla Biblioteca Universitaria di Pisa. 

La riunione oltre che scopo scientifico, ebbe scopo politico e nazionale. Con- 


vennero a Pisa, tra gli altri, i fisici Giambattista Amici, Amedeo Avogadro, 


Angelo Bellani, Giuseppe Belli, Macedonio Melloni, Ottaviano Fabrizio Mossotti. 
Giuseppe Zamboni .... 


» 
= 


DO 
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Medaglia di bronzo commemorativa della Prima Riunione degli Scienziati 
Italiani tenutasi a Pisa nel 1839. 
Esemplare appartenente alla Domus Galilaeana. 
Essa. di fattura finissima, ha il diametro di 5,4 cm e reca, a forte sbalzo, su 
una faccia l'effigie di Galileo, e sull'altra la scrittà: « A ONORE DI GALILEO — PISA 
MEMORE DEL PRIMO CONSESSO DEI NATURALISTI ITALIANI — AUSPICE LEOPOLDO II 
OTTOBRE MDCCCXXXIX ». Vedi la Tavola III, in basso. 


«Lezioni elementari di Fisica Matematica date nell'Università di Corfù 
nell’anno scolastico 1840-41 da OTTAVIANO FABRIZIO MOSSOTTI »; Firenze, 
1343. 


Esemplare appartenente alla Biblioteca Pacinotti presso la Domus Galilaeana, 


Libro assai rinomato e « modernissimo ai suoi giorni ), che rispecchia anche 
le lezioni di Fisica Matematica date a Pisa dal Mossotti. 


« Lezioni di Fisica date nella I. e R. Università di Pisa » da CARLO MAT- 
TEUCCI; Pisa, 1842. 


Esemplare appartenente alla Biblioteca Pacinotti presso la Domus Galilaeana. 


«Corso di Fisica Tecnologica e di Meccanica Sperimentale » (in quattro 
Tomi) di LUIGI PACINOTTI; Pisa, 1845, 1845, 1851, 1854. 


Esemplare appartente alla Bilioteca Pacinotti presso la Domus Galilaeana. 


«Discussione analitica sull’influenza che l’azione di un mezzo dielettrico 
ha sulla distribuzione dell'elettricità alla superficie di più corpi elettrici 
disseminati in esso » di OTTAVIANO FABRIZIO Mossortr; in Memorie della 
Società Italiana delle Scienze, Volume XXIV (Parte II), 1846, pag. 49. 


Tl Volume suddetto delle Memorie appartiene alla Biblioteca della Scuola Normale Supe- 
riore di Pisa. 
Celebre memoria, nella quale il Mossotti dà la formula che ancor oggi porta 


il suo nome. 


Ventiquattro verbali di conversazioni scientifiche tenute presso LUIGI 
PACINOTTI. 


Manoseritti appartenenti all'Archivio Pacinotti presso la Domus Galilacana. 


asa di Luigi Pacinotti dal 1842 al 1846, 


Sono verbali di riunioni tenute in € 
applicata venivano discusse; 


dai quali risultano quali questioni di Fisica pura e ; 
si pensa però che queste riunioni avessero piuttosto carattere politico e che 1 
verbali servissero a celare i veri scopi delle riunioni, alle quali partecipavano 
molti degli allievi di Luigi Pacinotti, tra cui Giovan Battista Donati. 


37. 


39. 


40. 


41. 
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«Memorie dei Toscani alla Guerra del 1848»; Firenze, 1852. 
Psemplare appartenente al prof. G. Polvani. 


Opuscolo commemorativo, contenente tra l'altro gli elenchi dei partecipanti 
al fatto @’armi di Curtatone e Montanara: si leggono tra gli altri i nomi di Enrico 
Berti, Riccarpo FeLici, Orraviano FABRIZIO Mossorti, Luigi PAcINOTTI, RAF- 
FABLE Piria (che col Matteucci fondò Il Nuovo Cimento). L'esemplare presen- 
tato reca molte e importanti correzioni, aggiunte e notizie, di assai vecchia 
data, scritte a mano da qualcuno che doveva conoscere bene le vicende del 
Battaglione Toscano del 1848. La Tavola IV riproduce la pag. 11 dell’opu- 
scolo: nella colonna di destra si leggono, tra gli altri nomi, quelli del Mossotti 
e di L. Pacinotti. 


Lettera di OTTAVIANO FABRIZIO MossoTTI a Enrico Betti; Pisa, 14 
Dicembre 1853. 
Autografo appartenente alla Scuola Normale Superiore di Pisa. 


La lettera tratta di questioni relative alla risoluzione pratica della più ge- 
nerale equazione algebrica di 5° grado. 


« Nuova teoria degli Stromenti Ottici » di OTTAVIANO FABRIZIO MOSSOTTI; 
Pisa, 1859. 
Fsemplare appartenente alla Domus Galilaeana. 


Celebre scritto pubblicato simultaneamente negli Annali della Università To- 
scana e nel Nuovo Cimento e raccolto anche in un volume a sè, come quello qui 
presentato. 


«Sulla teoria matematica dell’induzione elettrodinamica », di RICCARDO 
FELICI, Memorie I e II, in Annali della Università Toscana, Tomo HI, 
re x 
1854, pag. 1 e pag. 99. 
Il Tomo presentato appartiene alla Biblioteca della scuola Normale Superiore di Pisa. 


In questo celebre scritto il Felici con geniali esperienze elementari giunge a 
istituire l’espressione analitica della legge dell’induzione. 


« Raccolta di aleune memorie sulla induzione elettrodinamica di RIiocARDO 
FELICI — state inserite nei volumi IX e X del giornale Il Nuovo Cimento »; 
Pisa, 1359. 

RPsemplare appartenente alla Domus Galilaeana. 


Opuscolo costituito da estratti del Nuovo Cimento. 


«Lezioni di Fisica Matematica di E. [Enrico] Betti (1867-1868), raccolte 
da A. [ANTONIO] ROITI ». 
Autografo appartenente all’Istituto di Matematica dell’Università di Firenze. 


Manoscritto del Roiti, allievo del Betti all’Università e alla Scuola Normale 
Superiore di Pisa. 


42. 
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«Teorica delle forze newtoniane e sue applicazioni all’elettrostatica e al 
magnetismo » di ENRICO BETTI; Pisa, 1879. 
Esemplare appartenente alla Domus Galilaeana. 


Celebre opera del Betti. 


«Sopra l'equilibrio di una massa di gas perfetta isolata nello spazio » di 
Enrico BETTI, in Nuovo Cimento, Serie III, Tomo VII, 1880, pag. 31. 
Il Tomo presentato appartiene alla Biblioteca della Scnola Normale Superiore di Pisa. 


La memoria contiene il noto teorema di Betti-Ritter. 


Lettere scientifiche inviate a ENRICO BETTI da Rudolph Clausius in data 
23 Marzo 1869, da Gregorio Ricci Curbastro in data 6 Marzo 1882 e da 
Thomas Jan Stieltjes in data 4 Febbraio 1885. 


Autografi appartenenti alla Scuola Normale Superiore di Pisa. 


I due « quinternucci dei Sogni » di ANTONIO PACINOTTI. 

I due « quinternucci ?, preziosissimo documento, appartengono all’ Archivio Pacinotti presso 

la Domus Galilaeana. 

Così denominati da A. Pacinotti stesso, per recare il primo di essi, in testa, 
come titolo, la parola « Sogni» (vedi la Tavola V). risalgono agli anni 1858, 
°59, ‘60 e contengono, tra l’altro, fissati di pugno da A. Pacinotti, le prime idee 
sulla macchina ad anello, il primo esperimento eseguito con gli anelli il 10 Gen- 
naio 1859, la prima descrizione della « macchinetta » (Aprile 1860), le prime ri- 


cerche su di essa. 


Riproduzioni fotografiche delle pagine da 1 a 17 e 45 , 46 del 1° « quin- 
ternuccio » e delle pagine 6, 7 del 2° « quinternuccio dei Sogni » di AN- 
TONIO PACINOTTI 

Le fotografie appartengono all'Archivio Pacinotti presso la Domus Galilaeana. 

A pag. 45, 46 del primo « quinternuecio » si legge (vedi la Tavola VIETA 
dì 10 Gennaio 1859. Sul principio ponendo i poli opposti delle calamite dirim- 
petto alle molle ho avuto sensibili deviazioni e Vago girando uniformemente 
la ruota si manteneva in una deviazione costante. Il senso di questa deviazione 
era lo stesso qualunque fosse il senso della ruotazione, ... >. 
esperimento di produzione di corrente continua con l'anello Pacinotti. 

A pag. 17 dello stesso « quinternuccio » si legge (vedi la Tavola VII): « Po- 
scritto. 1860 Aprile — La macchina elettro-magnetica della quale le prime idee si tro- 
van qui sopra registrate è stata da me costruita in pice 


notevole velocità, e con tre elementi di Bunsen ... solleva 
ne assai come macchina magneto-elettrica 
molto intensa ». 


È questo il primo 


olo modellino; e ... gira con 
10 denari ad un deci- 


metro ad ogni secondo.... Agisce be 
giacchè dà una corrente continua sempre in un senso € 


I due primi « anelli » originali di ANTONIO Pacrnorri: 1 astatico » € il 
«motore e generatore ». 
I due anelli, preziosissimo cimelio, appartengono al Museo Pacinotti presso la Domus Ga- 


lilaeana. 
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L'anello astatico, incapace di fornire corrente continua o di esser motore, ha 
sull’asse due ghiere metalliche alle quali fanno capo gli estremi del circuito anulare. 
L'anello motore e generatore, ha il filo chiuso su se stesso, e le spazzole sono appli- 
cate direttamente, in posizioni diametralmente opposte e in quadratura col campo, 
sulla linea equatoriale esterna dell'elica anulare. Sono questi i due anelli con i 
quali A. Pacinotti esegui il primo esperimento di produzione di corrente il 
10 Gennaio 1859 come è documentato dalle note fissate da A. Pacinotti alle 
pag. 45 e 46 del 1° « quinternuccio dei Sogni ». 


La «macchinetta » originale di ANTONIO PACINOTTI. 
La « macchinetta » appartiene al Museo Pacinotti presso la Domus Galilaeana. 


È la macchina costruita da A. Pacinotti nei primi mesi del 1860, e sperimen- 
tata nell’ Aprile dello stesso anno sia come motore, sia come dinamo, come è docu- 


mentato a pag. 6 e 7 del 2° « quinternuccio dei Sogni ». 
Appunti di Antonio PaActNoTTI relativi al funzionamento della « mac- 
chinetta ». 

Autografi appartenenti all'Archivio Pacinotti presso la Domus Galilaeana. 

Questi appunti autografi di A. Pacinotti risalgono agli anni 1860, 61, ‘62, e mo- 
strano come egli si preoccupò subito, appena costruita la « macchinetta », di 


valutarne sperimentalmente la potenza e il rendimento. Essi furono pubblicati in 
parte nel 1905 in occasione della polemica della priorità su Gramme. 


Minuta di lettera inviata il 24 Luglio 1862 da ANTONIO PACINOTTI a 
Giovan Battista Donati, per comunicargli la scoperta di una cometa. 


Autografo appartenente all’ Archivio Pacinotti presso la Domus Galilaeana. 


La sera del 22 Luglio 1862 A. Pacinotti, insieme all'amico Carlo Toussaint, 
calcolatore dell’Osservatorio di Firenze, scopre una nuova cometa. Subito ne dà 
notizia alla stampa e, con questa lettera, a G. B. Donati, allora a Londra. Si 
seppe poi che la cometa era stata osservata quattro giorni prima da H. P. 
Tuttle in America. 


Commento di ANTONIO PacINOTTI alla « Teoria degli Stromenti Ottici » 
di Ottaviano Fabrizio Mossotti. 
Autografo appartenente all’Archivio Pacinotti presso la Domus Galilaeana. 


In questo manoscritto A. Pacinotti applica e trasforma a un caso particolare 
aleune relazioni date dal Mossotti nella sua « Teoria ». 


Lettera inviata il 19 Luglio 1863 da ANTONIO Pactnorri al padre circa 
«l'utilizzazione diretta della potenza meccanica del calore solare ». 


Autografo appartenente all'Archivio Pacinotti presso la Domus Galilaeana. 


La lettera rivela l'ampiezza di vedute di A. Pacinotti sulla questione trattata, 
Notevole il suggerimento di « spedire », mediante maechine magneto-elettriche. 
(il sole che avanza all’ Atfrica ad illuminare le notti invernali in Europa del Nord ». 


t 
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Il primo quaderno, aperto alle pag. 64, 65, dello « Zibaldone » di ANTONTO 
PACINOTTI. 
Quaderno appartenente all’Archivio Pacinotti presso la Domus Galilaeana. 


Lo « Zibaldone » di A. Pacinotti consiste in diciotto quaderni pieni di in- 
teressanti osservazioni, appunti, notizie. A pag. 64 del primo quaderno, A. Pa- 
cinotti, presentendo un importante effetto, si domanda (Dicembre 1865) se una 
sbarra di ferro fatta girare intorno al suo asse si magnetizzi. 


«Descrizione di una macchinetta elettromagnetica del Dr. A. [ANTONIO] 
PACINOTTI », estratto dal Nuovo Cimento, Serie I, Vol. XIX, 1864, pag. 378. 


Esemplare appartenente alla Bibloteca della Domus Galilaeana. 


«Descrizione di una macchinetta elettromagnetica del Dr. A. [ ANTONIO] 
PACINOTTI >. 
Autografo appartenente all'Archivio Pacinotti presso la Domus Galilaeana. 


E Vautografo della memoria pubblicata nel Nuovo Cimento e qui ricordata 
al numero precedente. 


«Sulla teoria delle macchine elettromagnetiche », di ANTONIO PACINOTTI. 
Autografo appartenente all'Archivio Pacinotti presso la Domus Galilaeana. 


Manoscritto assai importante perchè dimostra che il Pacinotti ancor prima 
del 1875 tentò di svolgere una teoria delle macchine dinamoelettriche e che, in 
particolare, tentò di prevedere gli effetti delle extracorrenti date dal commutatore. 


Lettera di Werner Siemens ad ANTONIO PacinortI: Berlino, 12 Febbraio 
1875. 
Autografo appartenente all'Archivio Pacinotti presso la Domus Galilaeana. 


In questa lettera il grande elettrotecnico tedesco W. Siemens sostiene i diritti 
di Pacinotti contro Zénobe Gramme che accusa di usurpazione (« Anmassung )). 


«Sopra una piccola macchina dinamo-elettrica... » di ANTONIO PACI- 
NOTTI, in Nuovo Cimento, Serie II, Tomo III, 1870, pag. 127. 


Tl volume presentato appartiene alla Biblioteca della Scuola Normale Superiore di Pisa. 


In questo lavoro è data Vimportante notizia della pubblica dimostrazione 
che all'Esposizione di Bologna del 1869 Antonio Pacinotti diede circa la pos- 
sibilità di trasportare a distanza l'energia per mezzo di dinamo € motori elettrict. 
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«Sul movimento dei liquidi di ANTONIO Rorri », in Annali della Scuola 
Normale Superiore di Pisa (Scienze Fisiche e Matematiche), Serie I, Vol. 1, 
187 pag. 193. 


Tl Volume presentato appartiene alla Scuola Normale Superiore di Pisa. 


Il lavoro costituisce sostanzialmente la Tesi presentata alla Scuola Normale Su- 
periore di Pisa per conseguire il Diploma di abilitazione. 


« Determinazione della resistenza elettrica di un filo in misura assoluta », 
di ANTONIO ROtTI, in Atti della Accademia delle Scienze di Torino, Vol. XIX, 
1884, pag. 643. 


Il Volume presentato appartiene alla Biblioteca della Scuola Normale Superiore di Pisa. 


Pregevolissimo lavoro portato alla Conferenza di Chicago del 1884 per la cam- 
pionatura dell’ohm. 


«Sopra i movimenti prodotti dalla luce e dal calore e sopra il radiometro 
di Crookes », di ADOLFO BARTOLI, Firenze, 1876. 

Esemplare appartenente alla Biblioteca della Scuola Normale Superiore di Pisa. 

Celebre e raro opuscolo sulla esistenza, dedotta da considerazioni termodina- 


miche, della pressione di radiazione: alle ricerche qui descritte è legata la fama 
del Bartoli. 


Compito eseguito da GREGORIO RIccI-CURBASTRO, nel 1874, alla Scuola 
Normale Superiore di Pisa. 


Autografo appartenente alla Scuola Normale Superiore di Pisa. 


Memorie di GREGORIO Riccr CURBASTRO pubblicate negli anni 1884-1889, 
tra le quali quella fondamentale « Delle derivazioni covarianti e contro- 
varianti e del loro uso nella analisi applicata », Padova, 1888. 


Gli esemplari esposti fanno parte della Miscellanea Betti appartenente alla Biblioteca della 
Seuola Normale Superiore di Pisa. 


Queste memorie costituiscono i fondamenti dei metodi di calcolo sfruttati 
dopo circa un quarto di secolo nella teoria della Relatività generale. 


Processo Verbale, portante le firme di Enrico Betti ed Ernesto Padova, 
degli esami di Fisica Matematica e Meccanica Celeste sotenuti da VITO 
VOLTERRA presso la Scuola Normale Superiore di Pisa il 22 Giugno 1881. 


Documento appartenente all'Archivio della Scuola Normale Superiore di Pisa. 


Sì 
(0/0) 
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MOSTRA DI DOCUMENTI RELATIVI- ALLA SCUOLA PISANA DI FISICA il 


«Sul potenziale di un’ellissoide eterogenea sopra se stessa» di Vrro VOL- 
TERRA, in Nuovo Cimento, Serie III, Tomo IX, 1881, pag. 221. 
Il Tomo presentato appartiene alla Biblioteca della Scuola Normale Superiore di Pisa. 


È uno dei vari lavori pubblicati dal Volterra quando ancora era allievo della 
Scuola Normale Superiore di Pisa. 


«Sopra una legge di reciprocità nella distribuzione delle temperature e 
delle correnti galvaniche costanti in un corpo qualunque » di Vitro VoL- 
TERRA, in Nuovo Cimento, Serie III, Tomo XI, 1882, pag. 188. 

Il Tomo presentato appartiene alla Biblioteca della Scuola Normale Superiore di Pisa. 


È uno dei vari lavori pubblicati dal Volterra quando ancora era allievo della 
Scuola Normale Superiore di Pisa. 


« Sopra alcuni problemi della teoria del potenziale » di Vito VOLTERRA, 
estratto degli Annali della Scuola Normale Superiore di Pisa, Vol. III, 
1883, pag. 207. 

Il Volume presentato appartiene alla Biblioteca della Scuola Normale Superiore di Pisa. 


Tesi presentata alla Scuola Normale Superiore per conseguire il Diploma di 
abilitazione. 


«Spettri di assorbimento dei liquidi nell’ultrarosso » di LUIGI PUCCIANTI, 
in Nuovo Cimento, Serie IV, Vol. XI, 1900, pag. 241. 
Il Volume presentato appartiene alla Biblioteca della Scuola Normale Superiore di Pisa. 


È il lavoro di Tesi per il conseguimento della laurea: mirabile la finezza della 
tecnica sperimentale usata, notevole la ricchezza dei risultati conseguiti. 


« Dispersione anomala della Ossiemoglobina » di Luria PUCCIANTI, in 
Nuovo Cimento, Serie V, Vol. II, 1901, pag. 201. 


Il Volume presentato appartiene alla Biblioteca della Scuola Normale Superiore di Pisa. 


In questa memoria il Puccianti riferisce le prime ricerche di dispersione anomala 


eseguite col metodo che prende il suo nome. 


«Alcune osservazioni critiche ed esperienze nuove relative ai fondamenti 
della Spettroscopia Celeste » di Lurgr PucciantI; in Nuovo Cimento, 
Serie V, Vol. IX, 1905, pag. 393. 


Tl Volume presentato appartiene alla Biblioteca della scuola Normale Superiore di Pisa. 


La memoria si inizia con queste parole: < Questo scritto che è di Fisica generale 
e niente affatto di Astronomia, ha principalmente il fine tu persuadere 5 
come ... vi sia ancora grande bisogno di nuove esperienze dirette secondo 1 con- 
cetti nuovi ». E il Puccianti con la sua opera di maestro si prodigò veramente 


per sodisfare queste esigenze. 
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«Sulla Teoria del Magnetismo secondo Ampère » di LUIGI PUCCIANTI, in 
Nuovo Cimento, Serie VI, Vol. IX, 1915, pag. 401. 
Il Volume presentato appartiene alla Biblioteca della Scuola Normale Superiore di Pisa. 


Questa memoria costituisce un vero capolavoro di sistemazione unitaria dei 
fenomeni magnetici, elettro-magnetici ed elettro-dinamici, fondata sulle cor- 
renti di Ampère. 


Compiti eseguiti da Enrico FERMI al concorso, 1918, per Vammissione 
ad allievo della Scuola Normale Superiore di Pisa. 
Autografo appartenente all'Archivio della Scuola Normale Superiore di Pisa. 


Il compito di Fisica esposto riguarda i « Caratteri distintivi dei suoni e loro 
cause »; la prima pagina è riprodotta nella Tavola VIII. 


Ritratto di Enrico FERMI, «matricola » nel Novembre 1918 dell’Univer- 
sità di Pisa. 


Fotografia appartenente all'Archivio dell’Università di Pisa (vedi la Tavola IX). 


«I Raggi Roentgen» di ExnRICO FERMI, in Nuovo Cimento, Serie IV, 
Serie IV, Vol. 24, 1922, pag. 133. 
Il Volume presentato appartiene alla Scuola Normale Superiore di Pisa. 


Questo lavoro costituisce sostanzialmente la Tesi di laurea di Enrico Fermi. 


«Sopra una formula di calcolo delle probabilità » di ENRICO FERMI, in 
Nuovo Cimento, Nuova Serie, Vol. III, 1926, pag. 313. 
Il Volume presentato appartiene alla Scuola Normale Superiore di Pisa. 


Questo lavoro costituisce la prima parte della Tesi presentata alla Scuola 
Normale Superiore di Pisa per conseguire il Diploma di abilitazione. 
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Grammaticò Francesco, di Corfù. 
Guastalla, di Mantova. 
Guazzi Elviro, prigioniero. 
Guelfi Federico, di Scarlino. 

ING, Guerrazzi/ Domenico, di Castelfranco, 

Ga palla di moschetto gli attraversò il brac- 
cio poco al di sotto della spalla. 

Guidi, dì Montecarlo, 
Guidi Giuseppe. 
lacometti Mario. 
Jovi Alessandro, 


una 


Aiutante, 
Leporalti Bartolommeo, pistoiese. 
Leva, piemontese. 

Livi Carlo, pratese, Medico, Sergente. 
Lombardi Bartolommeo, di Corsica. 
Lombardini Cesare, di Poggibonsi. 
Loreta (de) di Genova, 
Loreta Luigi, Sergente. 
Luciani Luciano, fiorentino, 


Gius., 


ferito al brae- 

cio sinistro il 29, che gli fu amputato, 
e sostenne Pamputazione con corag 
incredibile. 

Luciani Carlo, di Grosseto. 

Lunghetti Cesare, senese. 

Lurini Pompeo, senese, ferito in una guan- 
cia, di 14 anni, 

| LUTI RAFFAELLO, di S. 
core, Pry rs. 

Magnani, di Pontedera. 

Magni Francesco, pistoiese. 

Malsiniotis Michele, di Sparta. 

Maluccelli Leopoldo, di Montecatini, Capo 

win rale. 

Manetti Egisto di Siena, Tamburino. 

Marcacci Antonio, livornese, 
re, Tenente. i 

Marchettini Natale, fiorentino, giovanissimo 
di 14 anni. 

Marmini Annibale, di Bibbiena, 
tabandiera. 

Marcucci Annibale, Portabandiera. 

Marrucci, di Samminiato. 

Marsili Giacomo, di Siena. 

Marsigliotti Michele, prigioniero. 

Martini Cesare, pisano, prigioniero. 

Martini Adolfo, pisano, Sergente maggiore. 
Addetto all’Ambulanza. Oggi impiegato | 
all’ Ospedale. | 


gio 


Angelo a Le- 


Aiuto Professo- 


Aiuto por- 


fl Aurina lor 37, li Atri cet © 


Mare3 aC 


f . 
Nasimbeni Carlo, senese. 


Marlini Egisto, Bikar 
Martini Terenzio, Comune. 
Martini Ersilio, de’ Bagni a Lucca, Sergente. 
Martolini Guglielmo pisano, Professore, Capi 
tano comandante la Seconda Compagnia. 
Masetti Tito, pistoiese. 
Mazzini Alfredo, di Modigliana. 
Mazzinghi Raffaello, Caporale. 
Menichetti Emilio, pisano, prigioniero. 
Michel Leopoldo, di Marsiglia, prigioniero. 
Molinari Enrico, Capitano, Primo Aiutante 
maggiore. È un antico uffiziale. 
Molinari Gennaro, pisano, ferito il 29. 
Molo,/svizzero. Perdé le ultime tre dita del- 
la destra. 
Monnosi Augusto, Tamburino. 
Moradei, fiorentino. 

Morelli Pasquale, di Cortona, prigioniero. 
Morelli, di Figline; lascio il battaglione, 
per affrettarsi a combattere. 
Morfini Oreste, di Montesansavino, 

Mori Teofilo, aretino. 

Mori Adriano, 

Moschini Antonio, dbate, di Pisa. 

Mossotti Ottaviano, di Novara, Professore, 
Maggiore Comandante il battaglione, de- 
cotato della medaglia d’ Argento del 
Granduca dì Toscana. 


pisano, 


brzite 


Nelli Leopoldo, pistoiese. 
Nelli, di Campiglia 

Neri Nereo. 

Nerucci Gherardo, pistoiese. 
Nerucci Neruccio, pistoiese. 
Ninci Felice, 

Nobili Niccolo, di Firenze. 
Nuti Curio, di Firenze, £e*v4e 
Olivieri Emanuele, di Livorno. 
Pacinotti Luigi, pistoiese, Professore, Capi- 
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tano. 
Paganini Giovanni, genovese. 
Paganoni, di Pistoia. 


Pallini Federigo, di Stia, Sergente. 

Pantanelli Antonio, senese, orp Arr 

Paoletti Giuseppe. PG 

Paolini Giovanni di Grosseto, ferito, prigio- 
niero. 

Paradossi Alberigo di Rosignano. 
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Prima pagina del compito di Fisica svolto da ENrico FERMI 
per l'ammissione alla Scuola Normale Superiore di Pisa. 
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Enrico FERMI, diciassettenne. 


PAIR SG OLN DSA: 


SEZIONE A: Particelle pesanti instabili. 


Report on the + Mesons. 


E. AMALDI 


Istituto di Fisica dell’ Universita - Roma 
Istituto Nazionale di Fisica Nucleare - Sezione di Roma 


Introduction. 


The z-meson, discovered in 1949 by the Bristol group [1] and confirmed 
shortly afterwards by the London group [2], is probably the best known of 
all the new unstable particles. 

Its properties have been discussed and reviewed at many occasions, in 
particular at Bagnères-de-Bigorre in July 1953 [3], at Padua in April 1954 [4], 
and recently, at the Rochester Conference in February 1955 [5]. 

Therefore there is not much to add to the already well known reports 
published in the proceedings of those Conferences, apart from the fact that 
the experimental data available today start to be statistically sufficient for 
definitely establishing some important conclusions which previously had been 
suggested only as being probable. 


The report presented at the Pisa Conference was based on the data, obtained 
,ady collected in the Report 


in cloud chambers and stripped emulsion work, alre 

of the Committee on z-mesons of the Padua Conference [4] or published since 
that time or sent to me before the conference by the following laboratories 
to all of which I would like to express my best thanks: Physikalisches Institut 
der Universitit Bern [6], Brookhaven National Laboratory [6], Radiation 
Laboratory in Berkeley [6], Tata Institute of Fundamental Research in Bom- 
bay [7], Imperial College of Science and Technology of London [6], The Phy- 
gical Laboratories of the University of Manchester [6], Istituto di Fisica del- 
l’Università di Padova, Sezione di Padova dell’Istituto Nazionale di Fisica 
Nucleare [8], Istituto di Fisica dell’Università di Roma, Sezione di Roma 
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dell’Istituto Nazionale di Fisica Nucleare [9], Istituto di Fisica dell’ Università 
di Torino, Sezione di Torino dell'Istituto Nazionale di Fisica Nucleare [10]. 

More data have been collected during the Conference from the Bristol 
group [1] and from the Radiation Laboratory in Berkeley whose results have 
been reported by Dr. SToRK { 11]. 


The present report follows the same scheme of the report presented at the 
Conference in Pisa and differs from it only in that these new data have also 
been included in the discussion of the various properties of t-mesons in order 
to improve the statistical significance of the corresponding conclusions. 

Table I represents a revised and extended edition of the Table prepared 
by the Committe on 7-mesons [4] of the Padua Conference in the sense that it 
contains all 7-mesons observed in stripped emulsion up to now, according to 
the knowledge of the reviewer. 


For the reader’s convenience, I list here the code-words indicating Labor- 
atories and Physical Institutes quoted in this report. 
Be =! Physikalisches Institut der Universitat - Bern 


Bh = Brookhaven National Laboratory - Brookhaven (N. Y.) 


Bk = Radiation Laboratory, University of California - Berkeley (Cal.) 
Bo = Tata Institute of Fundamental Research - Bombay 
Br =H. H. Wills Physical Laboratory - Bristol 


Bth = Experimental Biology and Medicine Institute of the National Institutes 
of Health - Bethesda (Maryland) 


Ep = Laboratoire de Physique de Ecole Polytechnique - Paris 

Go = Max Planck-Institut fur Physik - Gottingen 

Mi = Istituto di Scienze Fisiche dell’ Universita di Milano e Sezione di Milano 
dell’Istituto Nazionale di Fisica Nucleare - Milano 

Pd = Istituto di Fisica dell’Università di Padova e Sezione di Padova del- 
l’Istituto Nazionale di Fisica Nucleare - Padova 

Re = Department of Physics, University of Rochester - Rochester (N. Y.) 

Re = The Weizmann Institute of Science - Rehovoth 

Ro = Istituto di Fisica del’ Universita di Roma e Sezione di Roma dell’Isti- 


tuto Nazionale di Fisica Nucleare - Roma 


To = Istituto di Fisica dell’Università di Torino e Sezione di Torino del- 
l’Istituto Nazionale di Fisica Nucleare - Torino 


Wi = Department of Physics, University of Wisconsin - Madison (Wise.). 


For symbols and notations referring to particles we have followed the sug- 
gestions given in the Proceedings of the Padua Conference. 
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1. — Q-value and mass. 


The decay scheme of 7-mesons into 3 pions, first suggested by its disco- 
verers as the more probable one, and later put in doubt from time to time 
by some particular observation, was definitely verified at the time of the Con- 
ference of Bagnéres-de-Bigorre [12, 3] and confirmed by all the successive 
experimental results. 

The majority of 7-mesons observed in nuclear emulsions comes to rest 
before decaying, a point usually checked by measuring the scattering and 
ionization along the track of the primary as well as by veryfying the coplana- 
rity, within 1° or 2°, of the three emitted pions. 

In most cases a Q-value has been given as the sum of the kinetic energies 
of the three pions. When all the three particles stop inside the emulsion, their 
kinetic energies are obtained from the range-energy relation; if one of them 
does not stop, its kinetic energy is determined from grain density and scat- 
tering measurements. Sometimes the conservation of total momentum and 
angle measurements are used to deduce the kinetic energy of one or two of 
the three pions from that of one or both of the others. 

At the Padua Conference the Committe on 7-mesons tried to establish a 
reasonable estimate of the Q-value and of the mass. 

As-a weighted average of the data relative to 25 7-mesons observed by 
different authors in stripped emulsions, the Committee obtained 


Q= (74.7 + 0.3) MeV, M= "(965.5 + 0.7) m, = (493.3 + 0.4) MeV. 


At the same time the Committee stressed that these values have to be taken 
with caution, in particular that the given standard deviations, although cor- 
rect from a strictly algebraic point of view, are certainly underestimated and 
of doubtful significance due to the inhomogeneity of the averaged (-values. 

Today, following the same procedure, one obtains as weighted average 
on 54 t-mesons observed in stripped emulsions in various laboratories, 


Q = (75.0 + 0.2) MeV, M= (966.1 + 0.6) m, = (493.7 +. 0.3) MeV. 


The same remarks made one year ago have to be repeated here. 

The first reason for inhomogeneity of the averaged Q-values is due to the 
fact that different laboratories still use different range-energy relations. In 
the energy region involved in the determination of the Q-value of 7’s, the 
differences between the more used curves are not very large but still sufficient 
to introduce sistematic deviations between the results of various laboratories. 

Furthermore only few laboratories have adopted the procedure of measuring 
the stopping power of the used emulsions, by determining, in a convenient 
number of cases, the range of u-mesons produced in the decay of pions at rest. 
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But also when such a procedure is applied, the agreement between the 
results of various laboratories is not satisfactory. 

The discrepancy, although not definitely outside of the estimated errors (Ges 
indicates that there are still appreciable differences in the practical details 
ot the calibration or perhaps that the procedure itself is not sufficient to gua- 
rantee a good uniformity of results. 

But also if the various laboratories would make satisfactory calibrations 
of the stopping power of the emulsion and they would use the same range- 
energy relation, this last would still introduce an appreciable uncertainty in 
the Q-value of z-mesons (see the discussion of the range-energy relation con- 
tained in the report of the Bureau of Standards). 

One can conclude that for the time being one can not claim te know the 
Q-value better than within 2°, and therefore, instead of the values given 
above it is better to use the following ones: 


(1) O = (75.0 +- 1,5) Mey, 
(2) M= (966 + 4) m, = (494 + 2) MeV. 


Some efforts to improve this situation must be done also in consideration of 
the fact that the mass of the 7-meson can be used as a standard for com- 
parison with the masses of other K-particles. 

Before closing this section on the Q-value, one should mention an abnormal 
t-meson decay (Bo,) observed by DANIEL and PAL at Bombay [13]. The sum 
of the kinetic energy of the three pions as determined from their ranges, amounts 


(*) The error given usually by the various authors represents the result of uncer- 
tainties in range determinations due to straggling, distorsion of the emulsions and 
variations of the thickness of the various pellicles of a stack. It does not take into 
account the uncertainties due to the used range-energy curve and in particular the 
uncertainty due to the water content of the emulsions at the moment of exposure. 
In order to reduce this last source of uncertainty the stopping power of the emulsion 
is measured, but as mentioned in the text, there are still discrepancies as is indicated 
by the following examples 


| Range of u-mesons Number of Averase | 
Laboratory from 7-u decay SL FAR 
i ~ |p-mesons used | Q-value (MeV) | 
(um) | | | 
| Boat Eee ee 579.9 + 3.5% (+) | 10 16.3 = 0.3) 9] 
| Rome ist ribes A 595 +3.5% 7 | 73.9 £04 | 
rit o e 590 + 3.5% | 3 | Eee, 
618 +35% | l (7022320 

| 


(+) The indicated experimental errors correspond to the theorical range straggling. | 
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to 46 MeV instead of 75 MeV, and the resultant of their momenta to 32 MeV/c. 
Therefore the correct balance of energy and momenta can be obtained by 
assuming that, for instance, a single photon of hy = 32 MeV has been embed 
according to the scheme 


(3) ct >a7rt + mt Te hy + 0. 


Ù 


DALITZ [14] has recently calculated the probability of emission of a y-ray in 
the 3x decay process of heavy mesons and has shown that for a pseudoscalar 
<-megon (see section 7) the prevailing process is the emission of bremsstrahlung 
due to the sudden acceleration of the electric charge. 

He estimates that the probability of emission of a photon of energy larger 
than 30 MeV is of the order of 10-4 and ‘herefore coneludes that in about 
100 --mesons observed until now, one has a probability of the order of one 
percent to observe such a case. 

The probability of emission of photons of lower energy is considerably 
higher because they show a bremstrahlung spectrum, As a consequence one 
has to expect that the distribution function of the observed Q-values has a 
tail towards the low energies due to this effect. 

One has to expect to cbserve also a tail towards the high energy due to 
--mesons decaying in flight. 

Both cases can usually be recognized from an accurate check of the mo- 


mentum balance. 


2. - Electric charge. 


Table II shows the sign of the electric charge of 7-mesons observed to 


decay in flight in cloud chambers. 


TABLE II. — Sign of the charge of t-mesons observed in cloud chambers. 


| Total number Number Number |Number of 7 of! 
Laboratory 


| of observed 7 of tT of t | uncertain sign 
Manchester (Jungfraujoch) . . 7 5 Il ] 
London - Imperial College (Pic 
Apel idl) tato oe Il 1 = 
Paris - É cole Politechnique (Pic 
Au MII) ei ai 89 5 < 4 = 
M.I.T. 1 — l 
Princeton 1 Il = = 
Indiana . i 1 = = 
Cal Tech. . 4 3 1 
24 16 220, 2 


Total 
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As one can see the positive ones are at least twice as many as those of 
‘opposite sign. It should be noted that the definitive proof that an event 
observed in a cloud chamber is due to a 7-meson is in general not easy. The 
data presented to the Conference by the École Polytechnique group ho- 
wever, show definitily the existence in at least 2 cases of negative 7-me- 
sons, whose mass is very close to that of the positive ones [15]. 

The observed positive excess represents correctly the situation at the instant 
of production provided the mean lives of both 7+ and 77 are long with respect 
to the potential time of observation of the cloud chamber, a condition which 
seems to be usually satisfied. 

With the exception of one or two cases, all 7-mesons observed in nuclear 
«emulsions come to rest before decaying. This is obviously a consequence of 
their long mean life which has been measured, as we shall see in Sect. 4, in 
the case of t+. If the 7 is the charge conjugate of the t*, it must have the 
same mean life, and this is sufficiently long to allow it being brought to rest, 
captured into an atom of the emulsion and by subsequent Auger processes and 
‘optical transitions, to go in a low-lying Bohr orbit and finally absorbed by 
the nucleus. As we shall see in Sect. 3, the nuclear absorption is expected 
to prevail on the spontaneous decay even in the case of weak interaction, 
between t-meson and nucleons. 

An experimental argument in favour of such a conclusion can be based 
‘on the fact that in all cases observed until now the three pions emitted by 
7-mesons at rest are coplanar within the experimental error (Sect. 1), while, 
if at the time of decay the 7- would be in a low lying Bohr orbit, it would have 
a momentum high enough to upset the coplanarity by ~ 3° (*). 

Table III shows the evidence on the sign of the charge of 7°s observed in 
stripped emulsions. One can add the following remarks: 


a) a single uncertain case has been observed in which the charge of 
the 7 could be negative (Bo,); on the contrary one has observed: 49 (+ + —)+ 
+10(++) = 59 certainly positive cases; 


b) if all the 7-mesons decaying in the emulsions are positive and there 
is no experimental bias for the observation of the unlike pion (x-) with respect 
to the two equal ones (z+), one has to expect to observe twice as many events 
in class (+—) than in class (+-+) and twice as many in class (+) than in 
class (—). 

A non-negligible percentage of t would produce an increase of the first 
ratio and a decrease of the second one. If the statistics were not so poor one 


(*) The momentum of the 7- in a orbit of principal quantum number n is of the 
order of (Z/137n) Mc. 
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could use the numbers of column 2 of Table III to estimate the experimental 
bias affecting the efficiency of observation of the decay pions of different sign. 


TaBLe III. Evidence on the sign of the charge of t-mesons observed in stripped emulsions. 


Number of 7x-mesons 

Class Number ot 7-mesons 
TT Toe 
e+ 49 98 da 
(+ —) 29 29 22 
(eta) 10 20 = 
(+) 10 10 — 
(>) 4 ri 4 
0 3 — — 

== 45) 1 XG) 

105 + 1 (?) 157 | 82 


Probably, for the time being, a very rough estimate of this effect can be ob- 
tained by comparing the total numbers of 7* and 7° that have been observed 
to be produced in the decay of 7-mesons; they are 157 and 82. Therefore one 
can tentatively say that, on the average, the efficiency of observation of each 
one of the two like pions is between 0.9 and 1 times that of the unlike one. 


3. — Interaction of 7-mesons with matter. 


One can now try to derive from the data of Table ITI the existing evidence 
for the assumption, frequently done, that all (or almost all) the 7’s decaying — 
at rest in emulsion in 3 charged pions are positive. 

The weak point in a consideration of this type is due to the fact that the 
observation or non observation of one of the 3 pions emitted in a 7-decay is 
| not independent of the observation of the other two. 
| If one neglects this type of correlation one can develop a quantitative 
| statistical consideration of the following type [16]. Let us consider the uni- 
verse of all z-mesons that stop in the emulsion and decay in 3 charged pions 
and let us call p the probability for one of them to be positive. We can ask, 
for a given value of p, what is the probability P of the two following inde- 
pendent experimental observations: 


a) out of | 


Naf iG le +) = 49 +10 +1 = 60 


44 - Supplemento al Nuovo Cimento. 
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--mesons for which we know the sign of the charge, to have at least 


NS [pA ) iar oe 
positive z-mesons; 


b) out of 


cases in which we know the charge of a single decay pion, to have at least 
pezzi) 


positive pions. By taking the efficiencies of detection of 7* and 7x7 in the 
ratio 0.9:1 as suggested above, one can calculate P as a function of p and 
one finds that in order to have P >8% we must have p > 95%. 

Considering that at the instant of production the number of 7* is between 2 
and 3 times larger than that of 77, one can conclude that the probability for 
a t to escape nuclear capture when brought to rest in nuclear emulsion, is 
most probably not larger than about 10-15%. 

Unfortunately, emulsions are such a complicated medium that no simple 
conclusion can be drawn from this data. 

A very low value of the probability of escape of nuclear absorption by a 
= when captured in an atomic K-orbit is expected according to DALITZ. This 
author shows that even if one assumes that the only direct interaction of the 
T-mesons with nucleons is that due to the decay scheme of the 7, namely 


(3) tT +poenrttatnrstp 


7 captured in a K-orbit of a heavy element (Br, Ag) present in the emulsion 
will certainly undergo nuclear absorption. About 30% of the 77 will be cap- 
tured by light elements (C, N, O). These will reach the K-orbit before decaying 
and the nuclear capture will strongly compete with the decay process even 
if reaction (3) would be the only process responsible of the nuclear absorption (*). 

Experimental evidence for interaction of fast t-mesons with matter seems 
to be provided by two events, observed by the Bombay group [17], whose 
interpretation however is not unique. 


(*) This is mainly due to the fact that the kinetic energy released in the absorp- 
tion process is much larger than that released in the decay process a cireumstance 
which reflects on the corresponding volumes of the space of phases. 
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In these events a fast K-particle (148 and 246 MeV kinetic energy respect- 
ively) produces a star, from which a 7-meson emerges showing the typical 
3 7-decay when brought to rest. The energy loss in the star is respectively 
101 MeV and 202 MeV, and the angle of deflection between the direction of 
motions of the two K-particles producing the star and emerging from it are 
respectively 78° and 389. 

A similar event in which the emerging K-particle is not a 7 but a K,-meson 
has also been observed by the same group. 

These events although very interesting are still too few to allow the estab- 
lishing of any quantitative data on the nuclear interaction of 7-mesons with 
matter, apart from the fact that in their interpretation the question, re- 
mains open whether the K-particle producing the star has the same nature 
as that emerging from it or not. 


4. — Mean life. 


Cloud chamber observations have not given until now much information 
about the mean life of 7-mesons, mainly because the space distribution of the 
decay points is roughly uniform through the useful region of cloud chambers 
of usual dimensions. The only conclusion that can be drawn from these ob- 
servations seems to be that the mean life is not short. 

This agrees with conclusions reached from the investigation of emulsions 
exposed to cosmic rays. The total time of flight spent by 53 7-mesons emitted 
from observed stars, plus 9 whose origin is not observed, amounts to 116-103 s. 
Out of these 62 7-mesons only one (Pd,) decays in flight; another case was 
reported by GOTTSTEIN at the Pisa Conference in which an appreciable de- 
viation from the momentum balance indicated that the decey did not take 
place at rest. 

The observations are obviously too scarce to allow the application of the 
methods used for other particles [18, 19]. 

One can however tentatively say that the mean 
much shorter than 10-5 s, provided one can exclude that the lack of obser- 
ving in flight might be due to experimental bias. 
and while some 


life of ©-mesons is not 


vation of many 7-mesons dec: 
The estimate of the influence of such a bias is rather uncertain, 


authors thought that it is not too serious as a consequence of the typical aspect 


of the c-mode of decay and of the rather high ionization shown by these part- 
20], others thought neces- 


icles along the major part of their observed track [ 

sary the introduction of a large correction factor which takes down the mean 
life of the 7-meson to around 107° s [21]. 

This point seems however to be settled in favour of the longer value of 

fi al DR 

the mean life, by the results obtained at Berkeley by the CHUPP-GOLDHABER 
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group and reported by Dr. Stork [23], who obtain 
= (0.95. + 0:14) 10885 


and by those of ALvAREZ and S. GOLDHABER [24] who compare the number 
of --mesons and protons both of momentum around 350 MeV/c observed in 
the emulsions exposed at various distances from the target of the bevatron: 
these authors find 


(4) cal WIA Vural Re CEL 


5. — Frequency of observation and associated production. 


Very few and uncertain data are known about the frequency of production 
of t-mesons. 

Usually one tries to compare the total number of K, particles with the 
number of t-mesons observed under given conditions of production: such a 
comparison however, is very uncertain because the probability of observation 
in emulsions is strongly different for K, decaying in a single L-meson and 
q-mesons, From this point of view the situation is certainly much worse in 
the case of emulsions exposed to cosmic rays, than when they are exposed 
to machines. Keeping in mind this difficulty I will recall that at the Padua 
Conference, the Committee on 7-mesons gave, as an average of the results 
obtained by various laboratories in stacks of emulsions exposed to cosmic 
rays at high altitude 


Ng, 25 N, 5052 
—' == 5, Fe 2560. 
INS 5 NC 9 


More recently HrLr, SALANT and WrpGorF [25], working with the cosmotron, 
find 


Nx, 10 
N. ; FD ) 
9 


by summing together the results of exposure done at two different angles 
(900 and 45° in the laboratory system) witb respect to the direction of the 
beam of protons whose, energy was also varied (2.2 and 3.0 GeV). 


According to the results of the Berkeley group reported to the Conference 
by Dr. STORK, one has 


(5) 
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The higher value of this ratio may be due in part to the different condi- 
tions of exposure, but in part also to a difference in the probability of obser- 
vation of the various events, which presumably affects more the cosmic ray 
data. . 

Finally one has also to mention that two cases have been reported (Bo) [26] 
(Go,) [27] in which the 7-meson is produced in a star together with another 
heavy unstable particle, namely a charged hyperon which decays in flight 
into a light meson, and a third case (To3) in which from the same star a meta- 
stable fragment (*H) is emitted. 

The problem, although extremely interesting, does not appear, at least 


for the moment, to bear a specific interest for 7-meson. The associated pro- 
duction is a problem of wider interest which has to be discussed in general 
for all the heavy unstable particles and not for 7-mesons alone. 


6. — Alternative mode of decay. 


One can enquire whether 7-mesons undergo other modes of decay besides 
that considered until now in 3 charged pions. The experimental problem of 
establishing what, among all possible processes, are those actually happening 
in nature, and of measuring the corresponding branching ratios are obviously 
extremely useful in order to provide information about the structure of K-part- 
icles in general and in particular of 7-mesons. 

A few events have been observed in which a K-particle decays in a single 
pion whose kinetic energy is compatible (p < 125 MeV/c) with the assumption 
of the existence of the process 


H 


> T+ + TEO . 


(6) T 


It is very difficult of course to state if all events satisfying the above mentioned 
condition do really correspond to this mode of decay. But with this assump- 
tion one can try to compare the frequeney of observations of this class of 
events with the class of <-particles (decaying in 3 charged pions). Such an 
estimate is rather uncertain because in general, various experimental biases 
will affect in a strongly different way the probability of observation of these 
two classes of events. 

At the Padua Conference the Committee tentatively suggested that the 
experimental value of the branching ratio was between 1/3 A Da 

The Berkeley group working with the Bevatron seems to find 3/20. I do 
not know if this result is a definitive one or not. It is, however, contati that 
the machine exposures seem to be much more convenient than CORI ray 
work in order to establish the correct value of this important ratio. 

Here I like only to recall the results of some theoretical work done on this 
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problem by DArirz [28] some time ago. If one assumes that the concept of 
isotopic spin can be extended to 7-mesons and with a definite assumption 
about its value, one can establish limits for the branching ratio between the 
two considered modes of decay, provided the main interactions responsible 
for the decay of 7-mesons are charge independent (i.e. invariant for rotations 
in the isotopic spin spaces). DALITZ has shown that for 7—1 (so that in 
nature there will exist ++, 7°, 77) these limits are 


(7) 


Other values of course are found for these limits for other assumptions about 
the value of 7, as reported at the Pisa Conference by Dr. EISENBERG. 


7. Spin and parity. 


The angular distribution and energy spectrum of the z-mesons emitted in 
the decay of the z-mesons have been investigated by DALITZ [29]. 

With the use of stripped emulsion technique it became possible to establish 
the sign of the emitted pions in a very large number of cases and conse- 
quently it was felt necessary to reconsider the problem in more detail. 

This has been made independently by FABRI[30] and DArirz [31] whor each 
similar conclusions and to whose work I will refer in the following. 

When a 7-meson decays, the final state of the 
three pions flying away must have the same 
parity and total angular momentum of the 7 be- 
fore decay. 

To represent the final state it is convenient 
to use relative coordinates, namely, apart from 
some numerical factor, the distance r between 
the two like pions (x*) and the distance r’ of the 
unlike one with respect to the center of mags of 
the other two. The conjugate momenta are indi- 
cated by p and p' and the corresponding angular 
momenta (in units 7) by Z and I’. Due to the con- 
servation of energy and momentum, the final 
state of a decaying 7-meson is completely de- 
Test ay ch taeo ae i (apart from non-essential rotations and 
fhe description of I translations of the system as a whole) by giving 
state of the decay process the momentum p’ of the unlike meson and the 

of t-mesons. angle 3 (Fig. 1). 
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land l' obviously compound to give the spin J_ of the 7 
(3) Tee 
and are related to the parity of the final state by the equation 
(9) Pe 1)"+1, 


because / is always even as a consequence of the fact that the wave function 
must remain unchanged by exchanging the two like pions (equal bosons). 

With the assumption that the dimensions of the t+ meson are small with 
respect to the wave length of the emitted pions, one can show that, for a given 
initial state, i.e. for given J. and parity P., only states with the minimum 
possible JU’ are important, because all other terms are appreciably smaller [32]. 

Now DALITZ [29] has shown that in 
5 cases there is a single pair of values 
of / and Il’ which satisfies such a con- 
dition while in all the other cases there 200 
are at least two. 

In these 5 simple cases the energy 
distribution of the unlike pion (77) and se 
the distribution function of the values 
of così are completely determined, 
while in the other cases they are given 
by the combination of at least two 
known functions: the coefficients, ho- na 
wever, are unknown because determined 
by the details of the structure of the 
7-meson. 

Fig. 2 shows the spectra Gy in non- | ASTE 
relativistic approximation, for various ee SICA spegina (Gy, ot abe 
pairs of values of (I, l’) as a function of negative pion emitted in the decay of 
the kinetic energy of the negative Pion, +-mesons, as a function of its energy di- 
divided by its maximum value. While vided by the corresponding maxim 
the 5 cases [0—], [14+], [1—] (24] value: corresponding values ta ar ane 

; - : parity indicated in square brackets. 
and [3 —] are simple in the sense ex- 
plained above, the cases [2—], [3+], 
[4--] are complex i.e. due to the superposition of two or three simple spectra; 
the dotted curves correspond to the special case in which the partial spectra 
are combined with equal coefficients. In particular one notices that, for 
even spin-odd parity as in the case{2—], [4—], one of the component 
spectra corresponds always to l = 0. 
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The experimental data collected in Table I are still rather scarce; one can 
however try to compare them with the theoretical results in the 5 simple cases 


mentioned above. 


A general view of the available experimental data can be obtained by plot- 


ting them in the triangular diagram 
of Fig. 3. Fig. 4, similar to Fig. 3, 
refers to 16 7-mesons observed 
in cloud chambers; it was pre- 
pared and kindly sent to me 
by Dr. Dauitz shortly before the 
Conference. In such a represent- 
ation the height of the triangle is 
taken equal to the Q-value (75 MeV) 
of the 7-meson, so that the three 
distances of a point P internal to 
the triangle (whose sum is always 
equal to its height) correspond to 
the kinetic energies of the 3 emitted 
pions [29]. Momentum conservation 
imposes a further restriction to the 
points representing 7-meson-decays: 
in the non-relativistic approxima- 
tion they can fall only inside the 


B inseribed circle whose diameter is 


Fig. 3. — Representation of 7-meson decays (2/3) Q (50 MeV). The relativistic 


observed in emulsions. 


corrections restrict somewhat more 
the permitted region whose boun- 


dary remains tangential to the sides, while the distance from the center is 
reduced by 8% in correspondence to its intersections with the heights of 
the triangle [30]. In such a representation the statistical factor, relative to 


a given elementary energy 


interval of the 


emitted pions (i.e. to a given element of sur- 
face inside the permitted regicn), is constant 
[31] and the relativistic corrections never exceed 
2% [30]. In Fig. 3 the kinetic energy H_ of 
the negative pion is represented by the distance 
from the side AB, while the distance from the 
side OB corresponds to the kinetic energy £° 


Fig. 4. — Representation of 7-meson decays observed 
in cloud chamber (DALITZ, private communication). 
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of the positive pion of lower energy (8 < E,). To make clear the use of 
this graph (in non-relativistic approximation) I will refer to an example: the 
distance PE is proportional to p's the distance PH to p? and cos? is given 
by the ratio PG/FG, the line OC corresponding to cos? = 0 and the se- 
micircle ODI to cos? = 1. 

From Fig. 3 one sees that the experimental points are roughly uniformly 
distributed in the permitted area. 

One notices furthermore that there are many points in the region near 
the point D. That means that there are many cases in which a positive pion 
is emitted with very low energy. Also in the region near O there are a few 
points which indicates, although with less experimental evidence, that some- 
times also the negative pion is emitted with low energy. 

These two remarks [5] appear still more evident from the inspection of 
Table IV, which contains the spectra of the three emitted pions. 

The fact that one of the zx* is often emitted with very small energy can 
be used in the following argument: let us consider a 0° which undergoes the 
decay into two pions: 00 --* + =. The angular momentum of these two 
particles (in the frame of reference of the center of mass of the heavy meson): 
will be equal to the spin J, of the 6°, whose parity turns out to be obviously 
P, = (—1)”. 

If the particle which undergoes the 3 pions decay, ie. the 7°-meson, had 
the same spin and parity of the 0°, the third pion (7°) would be always emitted 
with an odd angular momentum (in the same frame of reference). But such 
a conclusion contradicts the experimental observation that quite frequently 
one of the positive pions is emitted with negligible kinetic energy, @ circum- 
stance which can happen only if it is in a S-state. 

One can conclude that since the 0-mode of decay belongs to the class. 
even-spin even-parity or odd spin-odd parity, the --mode of decay must ne- 
cessarily belong to one of the classes even spin-odd parity, or odd spin-even. 
parity, i.e. 7 and 0 mesons must be different particles. 

DaALITZ develops also a second argument similar to the previous one 
by considering the fact that also the negative pion is emitted, at least so- 
metimes, with low energy. In order to compare the spectrum of the 7° 
with that of the 7* one has to inspect Table V which is obtained from 
Table IV considering only the events of the following classes (++ —) (4+—) 
(++) and not the events of the classes (+) and (—); these last bave been 
excluded because they can not be used in all the three parts of Table IV. 

The argument of DALITZ consists simply in noticing that the angular mo- 
mentum 7 of the negative pion must be zero because it is emitted, at least 
sometimes, with zero energy and therefore in a S-state. Therefore one con- 
cludes from Eqs. (8) and (9) that its spin must be even and its parity P,=—1- 

The same author gave a third argument of the same type but more general 
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based on the consideration of the fact that in the diagram of Fig. 3 there is 
an appreciable number of points which fall very close to the boundary 
cos} = 1 of the allowed region. A situation like this can be met only if whe 
spin and parity of the 7 are different from those of the 0 because in this last 
case the density of the points must go to zero at the boundary cos? = 1. 


Taste V. — Comparison of the experimental data on the energy spectra of m and xt 
emitted in 7-decay. 


E (MeV) f(E_) 3{{(E')+ f(B')} 
0-4 1 4.5 
4-8 4 5 
8-12 | 4 4.5 
12-16 | 9 9 
16-20 10 Sco 
20-24 us ti 
24-28 9 7.5 
23-32 5 8.5 
32-36 10 12 
36-40 5.5 
40-44 1] 6 
44-48 3 4 | 
87 Si | 


In this table one makes use only of the events of the following | 
classes: (+ +—) (+— (+ +). 


The preceding considerations do not allow us to express the conclusions 
about the spin of 7-mesons in a quantitative way. 

In order to do that the simplest way consists in testing the spectrum of 
the negative pions by means of the FABRI rule which seems to be the more 
appropriate in the case of rather poor statisties and rather large experimental 
errors. 

Fapri gives for each of the 5 values of spin and parity, the frequencies 
with which the energy E_ of the unlike pion falls in 3 regions defined as follows: 


. ! 3 
region 4 dio 


2 test applied to the 5 simple cases. In the 


Table VI shows the result of a 7 
the 91 7 mesons for which 


first part the test has been made by considering only 
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we know the energy of the 7-; in the second and third part the test has been 
done by adding to the 91 well known cases, the 10 belonging to class (+), and 
assuming once that they belong all to the highest possible region, and then 
secondly to the lowest possible region. It is clear that with such a procedure 
we brackett the true situation in the sense that we overcome the influence 
of any experimental bias. From the inspection of this table we can exclude 
with certainty [1+], [1—] and [2+] but not [3--]. We can, however, do 
an independent test with respect to the other independent variable cos 7 
(see Fig. 1). 


TaBLe VI. — y?-test of the energy distribution of x (Fabri rule). 


| Ol = 32 4.31 + 28" 101 = 424.81 4 98") 101 =. 92 4240 oom 
Number of a b e a b e a b et 
T-Mesons | 
x? P x P x? P 
(— 
| [o—] 0.3 ls 3.3 0.20 1.9 0.4 
de 22 71075 15 5.5-1074 23 10-5 
fi] 22 1.7-10-5 35 10-6 14 9-10-4 
Ve fo sey 20 4.5+10-5 39 10-6 19 7.5-10-5 
Be} 2.5 0.29 8.3 1.8-10-2 0.3 lx 


Out of 106 + collected in table I, only 5 can not be used: 3 because of class (0), Bo, because | 
anomalous and Bo, because uncertain [possibly of class (— —+)]. The first part of the table 
is made with 91 certain events [(+ +—) (-+ +) (+—) (—]. The 10 events of class (+) have | 
always two possibilities; therefore they have been placed once in the highest possible region | 
(second part of the table), and once in the lowest one (third part of the table). 


One can take advantage of the fact that while the angular distribution is. 
isotropic in the cases [0—] and [1-+-], it depends on @ in all other cases: in 
particular in all other cases it contains a power of sin # which brings to zero 
the density of particles on the semicercle ODI of Fig. 3 [30]; in the case [3 —} 
one has 


a (5 + 3x2)(1 — a?) with 4 = così. 
The interval 0 <<. <1 can be divided in three equal parts (called A, B, 0: 
A-0<%<};...), and the events of Table I are classified with respect to 
them: 95 events have a certain designation, 3 have two possible designations. 
while the remaining 8 can not be used. Therefore one can consider three pos- 
sible cases (Table VII): in the first one, I make use of the 95 certain <°s. while. 
in the second and third cases the 3 ambiguous 7’s have been placed respect- 
ively in the lowest and in the highest possible interval of # — cos 9. - 
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TABLE VII. — y?-test of the angular distribution for the |3 —| case. 


A B Cc a i 
ee DES 5 Total x iP 
ras cat “od 
| I 
31 32 29 95 11.5 Bo le 
33 33 29 98 10.25 OOO 
sl 33 31 98 14.0 ORIO 


| Out of the 106 events collected in table I, here one does not use only the following events: | 
| the 3 events of ciass (0); the event Bo, because uncertain; the event Bo, because anomalous; | 
the 2 events Re, and Wi; of class \—) and Br, of class (+) because no information is available | 
apart from the energy of a single pion; i.e. all together 8 events. 

6 of the remaining 9 events of class (+) fall in a well defined region of cos #, while the 
remaining 3 (Bk,, Bh,. Bo;) have two possible assignments. 

In the first row one makes use only of the 95 certain 7-mesons, in the second the 3 ambiguous 
cases have been placed in the lowest possible interval, while in the third row they are placed 
in the highest possible interval of x = cos d. 


From the data of Table VII one recognizes that the angular distribution 
is in all cases quite isotropic so that while the y?-test with respect to the 
[0 —] case gives a Pearson probability P very close to 1, the [3 —] assigne- 
ment appears to be rather improbable. 

If this y?-test with respect to the angular distribution were made with the 
relativistic expressions of cos # the Pearson probability of the [3 -—] case would 
turn out still smaller. 

In conclusion it appears that the experimental material available today 
permits the exclusion of [1+] [1 —] [2+] and makes improbable the case [3 —]. 

Therefore the most probable interpretation is that the 7-meson is a pseudo- 
scalar i.e. of the type [0 —]. One can not exclude with arguments of this type 
any even spin-odd parity ({2 —], [4 —], ...) because the corresponding spectra 
and angular distributions are combinations of various terms, one of which cor- 
responds always to l’= 0 (see Fig. 2). 

Furthermore, independently of this uncertainty about the value of the 
spin we have seen that according to the DALITZ arguments reported above, 


it is very unlikely, that the 7 and 0 have the same spin and parity. 


8. — Spin and polarization. 


It has been recently noticed by TEUCHER, THIRRING and WINZELER [33] 
that if the t-mesons have a spin > 0, they can be produced polarized in 
the process of emission, and that the slowing down does not remove this ee 
rization unless the 7 has @ high anomalous magnetic moment [34]. Therefore 
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they have suggested to look for such a polariz- 
ation by collecting data on the angular distri- 
butions of the following angles: 


0, = angle between the direction of emis- 
sion of the 7 and the normal to the 
plane of decay; 


0__- =" angle between the direction of emis- 

ADE sion of the + and the direction of 
emission of the z*, or better; 

be = angle between the direction of emission of the 7 and the direction 


of the vector p' shown in Fig. 1. 


The data collected by 
the Bern group are shown 
in Fig. 5 (*), while in Fig, 6 
are given two graphs pre- 
pared by DALITZ and kindly 
sent to me before the Con- 
ferenee, relative to events 
observed in cloud chamber. 


Fig. 6.— Angular distribution 
with respect to the angle 0, 
between the direction of emis- 
sion of t-meson and the nor- 
mal » to the plane of decay. 
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From all these data as well as from similar results obtained in Berkeley 
and reported by Dr. STORK, one can conclude that, at least for the moment, 
no indication is found in favourof marked deviations from isotropy. 


I like to express my thanks to Prof. HourerMANS and the Bern group 
for providing me with the data of Fig. 5 (*), to Dr. DALITZ for sending me 
the graphs of Fig. 4 and 6 and for making available various information about 
his work on 7-mesons before publication, to Dr. E. FABRI for various discus- 
sions during the preparation of this report, and finally to Dr. G. BARONI for 
help in the collection, ordering and elaboration of the experimental data. 


(*) H. WixzeLER: Angular Correlations in +-Meson Decay, in this issue, pag. 216. 
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INTERVENTI E DISCUSSIONI 


— V.L. TELEGDI: 


In discussing the branching ratios 


according to isotopic spin conservation (as done by DALITZ) it has to be borne in mind 
that according to the theoretical views now favoured (GELL-MANN) the decays occur 
violating spin conservation. Therefore it would be interesting to check the branching 
ratios with the purpose of confirming this violation. 


— M. GeLL-MANN: 


TELEGDI has just pointed out that in current theories the decay of the t-meson 
and other strange particles depends on the violation of charge independence. He then 
correctly objects to taking seriously the supposition that the t-meson has isotopic 
spin 1 and decays into three x-mesons with a total isotopic spin of 1. However, even 
in a theory in which the t-meson has an isotopic spin of say u, it may be that the decay 
mechanism is such that the final pions are in a state of definite isotopic spin, say ie 

Thus the ratio of t’ to t obtained for a fixed isotopic spin value may still have 
significance, but the isotopic spin involved is that of the final three pion 


wen s and not 
necessarily that of the initial t-meson. 


-% 
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— Y. EISENBERG: 
I have the following two remarks about the branching ratio of t-mesons (7'/7): 
1) The experimentally observed ratio is probably only a lower limit since many 
-! x RI x a] 7 = Di i i i 
-'.mesons must be misinterpreted, whereas one seldom looses a t-meson. 
i 2) The branching ratio is not very sensitive to the isotopic spin of the 7-meson 
being 1 for T = 2 and } for T = 3. Therefore, on the basis of the experimental data 
existing so far one can not conclude anything. 


— M. SCHEIN: 

1) Negative 7-mesons can be possibly found by looking for negative 7-mesons 
emerging from the alternate mode of decay of the t-meson: tT > + n°4 n°+ Q; the 
secondary =--meson could be identified by its property of being captured by the 
nuclei of the emulsion. 

2) The question whether or not the 7-meson has a spin higher than 0 can possibly 
be decided by measurements of the angular correlation between the line of flight of the 
primary directly producing the 7-meson and the decay plane, in hydrogen. Experiments 
in heavier nuclei can yield results considerably distorted since t-mesons of low energy 
can frequently be produced by secondary collisions of t-mesons or nucleons, created 
inside of the same nucleus, having, different directions from the visible primary pro- 
ducing the nuclear disintegration from which the 7-meson emerges. 


— CH. PEYROU: 

The polarization which was checked, by the Bern group was a correlation between 
the spin of the 7 (if it exists) and the line of fight of the t when it emerges from 
the nucleus. Therefore one attempts to find out if the t-meson is polarized after some 
nuclear interaction, either the production or the last scattering in the nucleus. We 
have not tried to find a correlation depending from the direction of the primary of the 
nuclear interaction in which the 7 is produced, The remarks of Prof. ScHEIN would 


certainly apply to this kind of correlation. 


- K. GOTTSTEIN: 

It might be mentioned that momentum balance is a more sensitive test fora « pure » 
three-body decay than is coplanarity with the comparatively large experimental errors 
involved in its measurement. We have, e.g., observed a t-meson decay in which the 
three secondary tracks are coplanar within experimental errors but in which there is 
a momentum excess in one direction of 4 MeV/c (outside the error limits) suggesting 
that the 7 was still moving at the moment of decay. Such an effect can introduce 
errors of a few electron masses in the determination of the t-mass, particularly if one 
-.track leaves the emulsion and the 7-mass is derived from momentum and energy 


balance considerations. Thus, if it comes to precision measurements of the t-meson 
gs — not just rough ones — ought to be made 


mass precise momentum balance check i i 
t range-energy relation and due consideration 


apart from the application of a correc 
of the moisture content of the emulsion. 


DER AMALDI-: 
We have always made such 
preciable irregularities. 


cheeks of momentum balance and never observed ap- 
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Angular Correlations in <-Meson Decay (*). 


H. WINZELER 


Physikalisches Institut der Universitat - Bern 


In completing the statistics of mesons, we collected the data of 6,., that 
is the angle formed by the direction of emission of the + and the normal to 
its plane of decay [1]. These values are given for 77 t-mesons (from the 
laboratories mentioned below in the Figure 1). 


This distribution is in very good agreement events 
5 È È a re CORO per A cos@n7 
with an isotropic one. Amongst the possibilities : 9 peRiEier 
1) no polarization and spin >0, 2) spin = 0, = 
ron wt \ 10-_S 
3) polarization and spin > 0, we can therefore = sE 
als =| 
exclude case 3). pei Hi 
. a | | 
Professor E. AMALDI draws the conclusions = 5 
s na] I cos Unt 
that the spin of the t-meson should be zero or 0 0.5 1 ne 
even. Our results fit well these conclusions. ier, i 


7 OK > 


We are greatfully indebted to the following laboratories for the data given 
in the figure: Berkeley (HECKMAN) 5, Berkeley (RICHMAN) 24, Bern 9, 
Bombay 6, Gottingen 3, Israel 1, Lund 1, Padua 16, Rome 7, Sorbonne 1 
and Turin 4. 
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(*) Supplement to the general report on t-mesons of . Professor AMALDI, in this 
jssue, pag. 179. 
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--Mesons in the Momentum Cloud Chamber 
of the Ecole Polytechnique. 


R. ARMENTEROS (*), B. GREGORY, A. HENDEL, A. LAGARRIGUE, 
L. LEPRINCE-RINGUET, F. MuLLER and CH. PEYROU 


Ecole Polytechnique - Paris 


(Reported by A. HENDEL.) 


Among 35000 pictures of the double cloud chamber at the Pic du Midi eae 
we have found five positive and four negative 7-mesons decaying in flight in 
the momentum chamber. 

All five positive events are fully measurable, but only one of the nega- 
tives. The three other negative events are most probably decays in flight 
with three charged secondaries and are assumed to be 7 — 37m decays. 

We have analyzed all the four-prong events and found two which are not 
--meson decays. One identified as a chance coincidence of a negative track 
and the decay point of a 0°-particle and one which is most probably a cascade 
decay of a negative hyperon, according to the scheme E > A®+7-;A° > pt 
The distance between the two decay points is so small that the event looks 
like a three-body decay. 

Table I resumes the data on five positive and one negative event: 

The first 9 lines of Table I give the measured values: P is the momentum 
in MeV/c. A refers to the primary, B, C and D to the secondaries. The 
meaning of the angles can be seen in Fig. 1. 

The following lines of Table I give the calculated quantities: > P, is the 
sum of the longitudinal momenta and 2 P, the vector sum of the transverse 
momenta of the three secondaries with respect to the direction of the primary. 
P, ad). is the weighted mean value of the momentum of the primary and > P,. 


(*) On leave of absence from the Centro Brasileiro de Pesquisas Fisicas, Rio de 


Janeiro and Universidad Mayor de San Andrés, La Paz, Bolivia. 
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The quantities in the last four lines have been calculated assuming a 
7 — 8x decay scheme. WM is the mass of the primary in m;. P* are the mo- 
menta of the secondaries in the system of the primary. No errors are quoted 
for the values of P*, as they have been calculated for exact momentum balance 
and for the correct Q-value of the 7 — 3x decay mode. 


Fig. 1. — A, B, ©, D,... tangents to the tracks in point O. 


AOB | f A and B 9 angles between the projection of the 
AOC * angles between 3 A » OC a: tangents on to a plane perpendi- 
AOD Ane WD e cular to AO. 


Table I shows, that within the experimental errors the sums of the longi- 
tudinal momenta > P,) are always equal to the primary momenta (P,) and 
the vector sums of the transverse momenta (Z P,) are compatible with zero. 
We therefore assume that all these events are decays in flight of a charged 
particle into three charged secondaries. 

The agreement of the masses, calculated for + > 37 decay mode, with 
the well established value gives assurance that this interpretation is correct. 


The weighted mean mass is (964 + 9) Me. 


1. — The negative events. 


Only event No. 41359 (Table I) is completely measurable. The event is 
very fast and the errors are therefore larger than those of the positive events. 
The hypothesis of a cascade decay is however 
excluded because of the low momentum of the posi- 
tive secondary which would be heavily ionizing if it 
were a proton. The mass, assuming a 17° > Tit 
decay scheme, is (990 + 70) ma. 

In the second negative event, the decay point 
and the secondary tracks are visible in one photo- 
graph only (Fig. 2). 

Momentum and ionization identify the primary Fig. 2. 
track as that of a K-particle. The most probable in- Event No. 34388. 
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terpretation of this event is a + —> 37 decay. Other possibilities, though 
unlikely, are: 
1) A «star» produced by a negative K-particle. 


2) A «star» in which a positive K-particle is emitted upwards, toward 


the region of origin of a penetrating shower. 


There are two more negative events. Unfortunately, both are in a region 
of the cloud chamber, where measurement errors cannot be estimated. How- 
ever, the angles between the primary and the secondary tracks are well defined 
and there is no visible blob at point 0. One of these events gives a Q-value 
conipatible with that of the 7-meson decay. The most probable interpretation 
of these events is the +t > 3r decay. The total number of our negative 7 
is therefore 4. 

A comparison between the primary momenta of our positive and negative 
t-decays shows, that all the positives are below 1000 MeV/c while two of 
the negatives are above 1000 MeV/c and two below. 

If we admit that the negative 7-meson is now established, it is the first 
particle heavier than the z-meson whose charged counterpart is known to 
exist. 
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Analysis of Some <-Mesons. 
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Istituto di Fisica dell’ Universita - Padova 
Istituto Nazionale di Fisica Nucleare - Sezione di Padova 


This is a very brief report on some angular measurements niade on 16 7-me- 
sons found in this laboratory both in Sardinian and in G-stack emulsions. 
The other measurements on these particles, e.g. Q-values, length of primary etc., 
have already been presented in the general discussion of Professor AMALDI. 

The results are presented in Table I and the figures in the various columns 
refer to the following measurements. 


IR di Pa LIE 


I | II | III ay V VI VII 
Event : a È l 5 = 
ee | Test 2-1 N-N ys T-Np Tw -Ng Ng-Na 
| do 280 | — 126° 75° 72° = 440 
| Pd, g20 | 520 190 660 | 810 | 909 20 
Pd, 620 | 59% | 40° 300 580 420 490 
bdo Emo AFB = 55° 33° 61° 
Rdg SORTI 409 | == : 63° HY” 46° 
Pd, Toomey gl560 —| 70 15° 620 | 56° 49° 
Pd, 908 4) “720 ) 81139 77° 38° 410 580 
exo br 53° 420 300 350 610 ) 3) 880 
Rd 280 GO 800 890 16° 820 440 
eds | 820 1720 78° oe 83°. | USE | 150 | 
eds 61° 34° 96° 51° 320 12° 820 | 
Pdi) 46° god st |) — 560 320 790 
Dale 640 1350 320 200 850 500 40° 
IPGhigs | 63° 135° 400 31° 490 32° 68° 
Pd... 38° 950 MAO | 52° 75° 68° 419 
Lea RATA di SAT 930 Soia 77° 16° 840 
(*) The direction of the c-meson Pd, was measured at 4.1 cm from the point oF decay 
and the direction of t-meson Pd, was measured at 2 cm from the point of decay, since the 
parent star was not available. 
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In column I is given for each event the angle between tbe direction of 
emission of the t-meson from the parent disintegration and the normal n_ to 
the plane of decay. 

In column II the angle made by the direction of the negative decay pion 
with the direction of emission of the 7-meson. 

In column III the angle between the direction of emission of the 7-meson 
and the direction P of the primary particle of the parent star for those cases 
in which it was observed. 

In column IV is given the angle between the normal to the plane of de- 
cay and the normal to the plane of decay and the normal n, to the plane de- 
fined by the primary direction and the direction of emission of the 7-meson. 

In column V is given the angle made by the direction of emission of the 
7-meson and the normal n, to the plane of the emulsion, 

In column VI is given the angle made by the direction of the negative 
decay pion and the normal to the plane of the emulsion. 

In column VII is given the angle made by the normal to the plane of the 
emulsion with the normal to the plane of decay of the 7-meson. 

The information in columns I-TV is illustrated in Diagrams 1, 2 
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respectively. In each is plotted the number (N) of events per unit solid angle 
against the appropriate angle. Apart from Diagram 3, in which a certain 
degree of collimation of the 7-meson is indicated (as would be expected), the 
statistics are still too small to allow any definite conclusions to be drawn. 

It can be remarked however as regards Diagram 1, which is an analysis 
of the type proposed by the Bern-group as giving information about the spin 
of the t-meson, that the figures are consistent with an isotropic distribution. 
This is to be expected if the spin is zero (as suggested by the indipendent evi- 
dence of DALITZ), or if the 7-meson is not polarized. This evidence is increased 
if we add our to data those already published by the Bern-group (pointed 
line in Diagram 1). 
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We describe in this paper measurements made on the decay products of 
11 t-megons observed in large nuclear emulsion block detectors. Out of the 
33 charged deeay products, 27 have been arrested in the block, and were iden- 
tified as m-mesons. The charge of the 7-meson was found to be positive in 
6 cases. In one case the charge of the 7-meson is possibly negative and in 
4 cases it could not be determined. Omitting one z-meson in which a high 
energy y-ray is emitted and which has been reported earlier [1], the weighted 
mean (-value of the remaining 10 7-mesons is 


Q_'= (16.3 + 0.8) MeY, 
which gives the mass of the 7-meson as 


mi = (968.7 =- 0.6). m, 
This value is slightly higher than the mean value (965.5 -+ 0.7) m, compiled 
by AMALDI et al [2] from measurements of various laboratories. 

We have so far observed 11 cases of disintegration of 7-mesons at rest into 
charged m-mesons. These events occured in three emulsion block detectors 
whose construction has been described elsewhere [3, 4]. Of these 11 t-mesons, 
7 were found by tracing z-mesons from the end of their range back towards 
their origin; the remaining 4 7-mesons were discovered during systematic 


scanning. 10 of the 11 7-mesons could be traced back to the nuclear explosion 
in which they originated. 


Of the 33 charged decay products, 27 came to rest in the emulsion blocks, 
and were identified as 7-mesons (18 z+, 8 Tr, and 1 more z-meson with a 
probably negative charge). The charge of the 7-meson was positive in 6 cases 


In 1 case (7) observational conditions at the end of one of the 7-meson tracks 
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are unfavourable. The x-meson becomes suddenly very steep near the end 
of its range and stops after travelling another 712 um in the emulsion. We 
have not been able to detect any decay electron at the point where the part- 
icle stopped nor any point where change of direction or of grain density sug- 
gests that the 7-meson decayed into a u-meson. Hence this z-meson might 
be negative. If this interpretation is accepted 7, gives rise to two negative 
and one positive 7-meson. 

Table I gives the results of measurements on all 11 events. 

<1, ©, and t, have already been reported [5]. Their Q-values givelf in 
Table I are slightly different from those reported earlier, because we have 
based all our analyses on a slightly modified range energy relation [6]. 
-, is abnormal since nearly 50% of the available kinetic energy is carried 
away by a y-ray and not by the three z-mesons. This event has been dis- 
cussed in detail in an earlier paper by DANIEL and YasH Pat [1]. +; and 7, 
suffer inelastic collisions before they come to rest. These collisions have been 
discussed in a previous paper by DANIEL and Lau [7], but the data on the 
decay products of these 7-mesons have not been published before. 

The first four columns in Table I give information on the parent particle. 
The t-meson number is given in column 1, column 2 gives the description 
of the nuclear event in which the 7-meson originates (we use here the nomenc. 
lature of Brown et al. [8]). The range of the t-meson before it comes to rest 
and the energy of the 7-meson at emission are given in columns 3 and 4, res- 
pectively. 

The next 4 columns of Table T give information on the decay products. 
The charge of the 7-meson is given in column 5 when it can be inferred from 
its behaviour at rest (p-e- decay or capture star). When the charge of the 
--meson is unknown a question mark is inserted. 

The range of the 7-mesons is given in column 6. 
were carried out independently by two observers. The symbol (t) in column 6 
signifies that the particle comes to rest in the block and its total range has 
been measured. The symbol (0) indicates that the particle escapes and only 
the observed portion of the range is given. 

The energy of the ~-meson is listed in column 7. 
which we used [6] is based on a flat p-meson range of 
in our detector the mean range of flat p-mesons obtained from the decay of 
--mésons at rest is (579.9 1 3.6) um. Hence we have reduced the observed 
574.5/579.9, before using the range-energy relation. 


All range measurements 


The range-energy curve 
(574.5 + 7.7) pm while 


ranges by the ratio e > 
The angle between the tracks is given in column 8 where a = 2-3, B= 3-1, 
+ SR) 
The Q-values and their estimated errors are obtained as follows: if all 
the three m-mesons come to rest in the block, the Q-value was obtained by 
merely adding the energies of the three x-mesons. The indicated error on 
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(*) The range and energy of the parent particle are given after it has suffered an inelastic collision 
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the Q-value contains only the effect due to straggling. We have calculated 
the effect of straggling on the basis of the formula given by SyMon [9]. But 
we have increased the theoretical values by 20% which seems to be required 
to obtain agreement between Symon’s calculations and the experimental 
straggling value of Fry and WHITE [10]. 

Tf one of the mesons escapes, Q-values are calculated from the remaining 
5 observables (2 momenta and the 3 angles). By chosing 1 of the momenta 
and any 2 of the remaining observables, one obtains 5 different @-values. 
The Q-values given in Table I represent the average of these 5 determinations 
and the error given is the maximum deviation of any of these 5 values from 
the average. 

The most serious uncertainty arises from variations in the thickness of 
individual emulsion sheets. The method by which we have tried to minimize 
this effect is given in the Appendix. 


Conclusions. 


Omitting the 4 body decay 7,, the weighted average Q-value was obtained 
by choosing weight factors inversely proportional to the square of the error 
attached to each value. Our best Q-value is: 

O = {76.8 420-3) MeV 


and 


M_= (963.7 = 0.6) Me (*). 


This value is about 1.6 MeV higher than the value obtained by AMALDI et al. [2] 
on the basis of data reported by many laboratories at the Padua Conference 
on Elementary Particles in 1954. 

Fig. 1 shows the distribution of our values together with those from othe 


laboratories. 
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(*) m, is calculated from the relation Mm. = 2M+ + Ma + Q where m_+ and m_- 
are those given by SmirH, BIRNBAUM and BARKAS [11]. 
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Omitting the abnormal +, we have computed the ratio H_-/Q_ for those 
cases in which the charge of the t-meson is known to be positive and in which 
the negative m-meson has been identified. The mean value: 


(=) — 09,3360 + 0,0026 
\ 0. 


indicates complete symmetry in the energy distribution among the decay 


products. 


We have great pleasure in thanking Professor B. PETERS for his continued 
interest and guidance throughout this work. 

We also express our thanks to Mr. D. Lat, for his active help and to 
Dr. R. R. DANIEL for helpful discussions. Lastly we thank Miss A. L. DAMANY 
and Miss T. M. PuroHIT for observation of some of the events. 


APPENDIX 


An accurate determination of the range of particles and hence their energy, 
requires a knowledge of the emulsion thickness before processing. A private 
communication from Ilford Limited states that variations as high as 10% 
can occur in the thickness, between different parts of the same emulsion 
sheet, as well as between different emulsion sheets although usually variations 
are much lower. In the construction of two big emulsion blocks, we have 
used five different batches of emulsion sheets manufactured on different dates. 
Each batch consisted on the average from 50-100 sheets. Their mean thick- 
ness was determined as follows: 

We measured the range of 50 flat u-mesons emitted from x-mesons at rest 
and of 14 steep u-mesons which occur in a single batch of emulsions. The 
average range of the steep u-mesons depends on the assumed emulsion thick- 
ness d. We chose for the average emulsion thickness in the batch that value 
of d which makes the mean range of flat and steep u-mesons identical. 

The relative mean emulsion thickness in different batches was obtained 
by determining separately the mean projected length of heavy primary nuclei 
which traversed plates belonging to different batches. In this way we found 
that our emulsion blocks were composed of emulsions belonging to 5 different 
manufacturing batches with mean thickness of 600 um, 637 


um, 650 um, 
660 um and 667 um, respectively. 
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Analysis of the --Meson Decay. 


H. H: HECKMAN 


Radiation Laboratory, Department of Physies 
University of California - Berkeley, California 


One of the first experimental techniques employed in Bevatron research 
programs was the exposure of stacks of Ilfords G.5 emulsions to the secondary 
particles from a target bombarded by 4.8 to 5.7 GeV protons. A re-entrant 
well permitted placement of the emulsions at 90° to the beam direction and 
within 10 inches of the bombarded target. With this geometry, the proper 
flight time plus the proper time for 125 MeV K-particles to be brought to rest 
in the emulsion was about 1.5-10-? s. This report describes some of the results 
obtained from two such exposures: first, a 2 in. by 4 in. stack of 20 sheets of 
emulsion 600 um thick, and second, a 2 cu. in. of emulsion. The latter 
exposure was primarily for a t-meson study. 

All together, six t-megons were observed in the 10.7 cm? of emulsion scanned 
by area. In five cases, the charges of all three pions could be determined. 
All decays were consistent with + > + 2n+. No alternate modes of 
decay, i.e., t+ >rt + 27°, were specifically sought. The tabulation of the 
data is given in Table I, where the entries in parentheses were calculated from 
the measured quantities. Particles 1 and 2 refer to the 7*-mesons and part- 
icle 3 refers to the 7--meson. Only in the events (t,, 7, and ©), where not all 
pions came to rest in the emulsion stack, were angle measurements taken, 
Here 6 is a measure of the coplanarity of these events, and is the amount 
(in degrees) by which the vector r; lies out of the plane formed by the vectors 
r, and r,. The range-energy relation for the pions in emulsion was evaluated 
from Vigneron’s calculated data, extended by BARKAS [1], and using a pion 
mass of 0.1487m,. i 

The error listed on each @-value includes estimations for range straggle 
of the pions (generally about 1.8%) and observer error in range and angle 
measurements (taken to be 1% and 0.59, respectively). From these data the 
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average value of Q for the decay of the 7-meson is (74.94 0.4) MeV from 
internal consistency and (74.9 + 0.2) MeV from external consistency 


et . _ TABLE F. — +-Meson data. 

mes | Re) By | BE E; | | Q 
(mm) (mm) (mm)|(MeV)| (MeV) | (MeV) 07 Len da vs 6 Ò (MeV) 

il | | | 

5.39 [10.84 ORE (450) 96°45')| 13998’ |12302' )|358°55'|1923'|74.5 4.0.75 
6.15 |28.32| 4.53| 17.6 | 43.2 | 14.7 (150°23')|(147°6’) |(62931’)} — | — 75.5 40.86 
6.01 | 7.46) — 17.6 | 19.6  |(37.5) | 85°42’ | 138022')|135° 58’ |36002' 0037'|74.4-+0.71 
6.51 |19.53| 9.43 | 18.2 | 34.7 | 22.4  |(128°271)|(135°30/)|(96°3) | — | — 715.3 0.81 
6.65 \22.21) 7.17| 18.3 | 67.1 | 162. —|(136°2") (137°35’)| (86° 35’) TAO OST 
|3.48| — | — | 12.6 |(27.3) @|(35.2) | 95013')| 144954! |119° 55! |36002' 1°04" 75.141.6 


(3) Negative pion suffered an inelastic collision (2-prong star) 12.4 mm from point of decay, 
i.e. at E__= 23.0 MeV. (*) Charge unknown. 


Pertinent to the problem of the spin and parity of the 7-meson is the 
energy distribution of the odd-charged pion (particle 3). No attempt will be 
made to compare the five events reported herein with the theories of DALITZ [2] 
and FaBRI [3] other than to comment that the energy distribution is con- 
sistent with a symmetric, and perhaps flat, distribution [4]. 

Another possible means for detecting the spin of the 7-meson is the study 
of the orientation of the plane of the decay of the 7-meson with respect to 
the direction of emission of the <-particle [5, 6]. In the decays where the 
charges of the pions are known, information related to this problem can also 
be obtained from the relative directions of the unlike pion and the 7-meson 
at its point of production. 

The geometry used in the well exposures affords an opportunity for the 
measurements of these parameters. The direction of emission of the t-mesou 
is known to + 5°. The uncertainty arises from the finite extent of the target, 
and from assuming no large angle scattering in the target. In all cases, the 
initial direction of the t-mesons was taken to be along the «7» direction of 
the emulsion and parallel to the surface. The magnetic field in the region of 
the target and re-entrant well was approximately 100 gauss. 

Table II tabulates the following data. 


TaBBLE II. — Angular correlations in 7-meson decay. — a 
Il 
0 On 6 On 
Di 14° 12’ 0° 90° 39° 83° 16’ 
Ta 51° 4' 46° 22' 63° 48' 10 52' 
Ta 26° 30' 17° 6' 118° 51’ gee di, 
sn 550 40' 550 24' 41° 56’ 31° 45 
v4 
Te 38° 39' 360 22' = — | 
16 - Supplemento al Nuovo Cimento. 
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a) 0, the angle between the emission of the + and the normal to the 
plane of decay. 
b) è, the angle between the normal to the plane of decay and the plane 


of the emulsion. 


c) 0-, the angle between the direction of emission of the unlike 7-meson 
and the direction of the emission of the 7. 


d) 6_, the angle between the direction oft he unlike 7-meson and the 
plane of the emulsion. 
6, and ò_ were measured primarily as a check for observational bias. For 
isotropic distributions of 6, and 6,, 50% of the events should have angles 
greater than 30°. The observed ratio is 5/9. 


I wish to acknowledge the aid given me by the Bevatron crew, under the 
directorship of Dr. EDWARD LOFGREN, in making the exposures. Miss Ro- 
BERTA DArLEY and Miss. HESTER LOWE contributed their skills in scanning 
a large part of the emulsions required for this report. 

This work was performed under the auspices of the U. S. Atomic Energy 
Commission, 
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The Lifetime of the <-Meson. 
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! Il testo completo di questo lavoro è stato già pubblicato come lettera 
alla Redazione nel Nuovo Cimento, 2, 344 (1955). Qui ne pubbli- 
chiamo un breve riassunto. N. d. f.]. 


ere exposed to the positive K-mesosn 
Berkeley Bevatron (proper time 
-8 8 respectively). The mean life- 


Summary. — Stacks of nuclear emulsions w 
beam at two different distances from the target of the 
of flight + slowing-down time: 1.8- 10-9 s and 1.3-10 
time of --meson determined from these exposures is (Los 0nt a. 


he R 
SUPPLEMENTO AL VOLUME IV, SERIE X N. 1956 


= 908 str 
DEL NUOVO CIMENTO 24 emestre 
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Istituto di Fisica dell’Università - Roma 
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(Reported by M. CONVERSI.) 


A new device, described in a previous letter [1] as a «hodscope chamber » 
has been developed for use in nuclear physics as a detector of particles of any 
ionization power. 

The instrument works on the following principle: when a region of space 
filled with a gas is crossed by an ionizing particle and a strong electric field is 
generated there immediately after, this region becomes luminous, owing to 
the processes following the acceleration undergone by 
the electrons freed by the particle. 

As seen from the drawing of Fig. 1 the .instrument 
is essentially a parallel plate condenser, formed by 14 Al 
plates, 22x44 cm? area, 0,3 cm thick, — 4 cm apart, 
every second plate being electrically connected together. 
The volume of the chamber is 44x22 x56 cm. The 
space between the plates is filled with thin glass tubes 
(int. diam. 0.65 em, ext. diam. 0.7 em, length 21.5em) 
containing neon at a pressure of about 350 mmHg. 
Each tube is shielded against light coming from the 
others, by means of thin black paper. 

A 40kV square pulse of 500kW power, lasting 
2 S, is applied to the plates of the condenser, a few 
tenths of a us after the passage of a charged particle, or in general after the 
occurrence of an event associated with a number of ionizing particles. The 40 KV 


pulse is actually the resultant of two 20 kV square pulses of opposite pola- 
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rity, triggered by coincidences among counters placed on the outside of the 
chamber (Fig. 2). Each of the two networks supplying the pulses is of the 
type generally employed in modulators for magnetron oscillators: an open 
delay line, which is initially charged, is short-circuited through the primary 
of a pulse transformer, via a hy- CA 

drogen filled thyratron (a Phylips iN] T 

PL 435) triggered by the coincid- a 
ence pulse. The electric field (up 
to 10 kV/cm) thus generated insi- 

de the chamber is large enough to E} eee 
accelerate the electrons freed by € 

the ionizing event and cause a 


ne +BkV 


Transformer 


Pulse 
= Transformer 


luminous discharge in the neon 
tubes crossed by the particles, poy E 
and not in the others. Each Pia, 
tube crossed by a particle, will 

be set alight by the intense external field if, when the field is applied, at least 
one electron is present in its sensitive volume. 

The sensitive volume is a function of the field and of the pressure of the 
cas inside the tube [2]. If d is the average length of the projection of the path 
of a particle on the plane perpendicular to the axis of the tube, 2 the coordi- 
nate parallel to the field and » the density of the electrons generated by the 
primary particle in the gas (*), the efficiency of the tube can be shown to be 


R— 1— exp (— n(d—z,)]; 


where z, is the length necessary for an electron avalanche to develop into a 
luminous spark discharge. The length z, is a function of the ratio between 
electric field and pressure, and varies from one gas to another [2]; d— 2, 
defines the sensitive volume of the tube. 

The electronics employed involve a certain delay, 7, between the arrival 
of the ionizing particle and the rise of the 40 kV pulse. This delay can hardly 
be made shorter than a few tenths of a us. We can expect n to decrease with 
increasing t because of recombination and diffusion of the electrons to the 
walls of the tube, where they are captured in at least 80 of of the cases [3]. 
It can be shown easily that the recombination can hardly affect the electron 
density, while diffusion to the walls might have, in our case, a considerable 
effect on the efficiency of the tube if t exceeds ~ 5 us (see Fig. Die 

If the gas is not subject to any electric field during the time 7, the electrons 
freed by the primary ionizing particle will move at random, with an average 


(*) n is the density with respect to the z-coordinate only : n= 2/02 if N is the number 
ofelectrons. We have supposed that » is uniform all along the path of the primary particle. 
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enerey of agitation which has been considered equal to the average thermal 
translational energy of the gas molecules [4]. 
One can calculate the variation of n with time. One finds 


n(t) = n W(kd/2Dt) , 


where n(t) is the density at the time t, n, = n(0), E represents the error in- 
teeral function, d is the diameter cf the tube, D the diffusion ccefficient of 
the electrons in the gas and k is a dimensionless 
shape factor which in our case is about 0.4. 

The experimental results, obtained for a tube of 
2.3 cm internal diameter, filled with neon at 
250 mmHg, have been plotted in Fig. 3, together 
with the calculated curve, for delays varying from 1 
to 10 us. Because of the crudeness of the assump- 
tions which have been made in describing the me- 
chanism of the electron diffusion and the discharge, 
we could not expect more than an agreement between 
orders of magnitude, and the agreement shown in 
Fig. 3 can be considered satisfactory. One can see 
that delays of a few us do not affect the efficiency of the tubes in an ap- 
preciable way. 

In Figs. 4, 5, 6 and 7 a few examples of events recorded by the hodoscope 
chamber are reproduced. The event of Fig. 4 is due to a single particle, pre- 
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Fig. 4, Fic. 5. 
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sumably a u-meson. In Fig. 5 two ionizing particles are seen which have been 
produced by a neutral primary. An example of a dense cosmic ray shower 
is given in Fig. 6. Finally in Fig. 7 the formation of a shower in a lead block 
and its development inside the chamber are visible. 

Tf a tube is discharged at the instant zero by the pulse produced by a 
particle crossing it, a second pulse occurring at the instant ¢ will set it alicht 
again, if t< 7, even if caused by a particle not crossing the tube. For the 
neon tubes used by us, the recovery time, 7, is of the order of 0.1 s. It cer- 
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tainly depends on the nature of the filling gas. However, for other than inert 
cases the recombination time is very short. Then for a given external field 
and a given pressure inside the tubes, recombination may affect the efficiency 
of the tubes even if a much faster response is achieved by using appropriate 
electronic circuits. 

A three-dimensional reproduction of the tracks of ionizing particles can 
be obtained by arranging the neon tubes in alternating layers perpendicular 
to each other and taking photographs in two directions at right angles. 

The spacial resolution of the instrument is essentially limited by the dia- 
meter of the neon tubes and by their glass thickness. Decreasing the diameter, 
the pressure inside the tubes and the size of the external pulses must be accord- 
ingly increased to keep the efficiency costant. Most probably the internal 
diameter of each individual tube could be reduced to 2 — 3 mm without diffi- 
culty. In these conditions the definition of the tracks would still be nearly 
10 times worse than in a cloud chamber. The hodoscope chamber has, however, 
a negligible recovery time and its size may be increased by a large factor 
without affecting the conditions of its performance. This can be understood 
if one observes that the capacitance of the device here described is ~ 3500 pF, 
a value which cannot affect the shape of the external pulses, on account of 
their low impedance. 

The possibility of making an instrument of comparatively low cost, very 
small recovery time, with a spatial resolution of a few mm’ over a volume 
of the order of one m’, makes one think that the hodoscope chamber 
may be of great help in certain types of experiments. Such would be exper- 
iments performed in connection with large cosmic ray showers, penetrating 
showers and underground investigations, as well as in research with accele- 
rators, when the knowledge of angular distributions of particles is essential. 
If employed in a magnetic field, in conjunction with fast electronics, the instru- 
ment may possibly be applied even to look for rare events, since the product 
of its spatial and time resolutions tends to have a more favourable value then 
that of the equivalent quantity for other detectors of nuclear events. 
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It was first shown by O’CEALLAIGH that the distribution in the length of 
gaps along tracks of rather lightly ionizing particles was exponential. This 
fact is of importance for two reasons: first it enables one to obtain a measure 
of tbe density of a track independant of the size of the developed grains it 
contains, and second it enables one to correct accurately for the effects of the 
dip of the track. The estimate of ionization obtained from measurements of 
the coefficient of the exponent of the gap length distribution is therefore 
superior to that obtained by earlier methods, such as grain counting. 

I must define what we mean by the length of a gap before proceeding 
further: it is the length between the inside edges of two grains (or groups of 
grains) that border the gap. We—along with many other workers in this 
field—chose this definition, rather than the distance between the centres of 
the grains bordering the gap, because of the difficulty in deciding the position 
of the centre of the end grain of an unresolved cluster of grains. It has the 
undoubted disadvantage that the length of a gap L that is obtained will 
depend upon the optical conditions to a certain extent. 

We have checked the gap length distribution in different conditions of 
development over a wide range of ionisation. The results of some of our 
measurements are given in Fig. 1. These measurements were made on indi- 
vidual tracks of relativistic particles. About 5 em of track were used for measu- 
rements in each case, the readings being taken in several emulsions for each 
track. For the longer gaps the whole track was used, whereas for the smaller 
and common gaps the gap density was obtained using samples distributed 
uniformly along the track. The appropriate statistical errors are given. 
The point that I would like to emphasize from this figure is that the distri- 
bution we measure is indeed exponential for all tracks shown. Both the large 
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and rare gaps that occur, perhaps at a density of less than 1 per millimetre, 
and more important, the total number of visibile gaps (the number of blobs 
in fact), fall on the curves. 
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We find empirically that the blob density B, or the total number of gaps 


per unit length of track, is given by 


(1) B=gexp[—ga] per unit length, 


where 1/g = the mean gap length. Hence since the gap distribution 18 expo- 


nential, the number of large gaps or (holes) per unit length H, whose length 


exceeds L is given by 
(2) H= g exp [— g(L +La)] per unit length. 


L is the average separation of two developed grains that are just resolved 
under the optical conditions in use. This is true to a first approximation In 
all proposed models of grain distribution along the track. 
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x might therefore, be expected to vary with the plate, the individual ob- 
server, his visual acuity at the time, with depth in the emulsion, as well as 
with the average grain size which depends upon development. But in the emuls- 
ions we have used, we find x to be more or less constant in any single stack, 
from plate to plate and as a function of depth, and not to depend upon the 
observer appreciably. It does vary widely with different conditions of deve- 
lopment, for example « = 0.65 um for stack I and 0.84 ym for stack II, 
see Fig. 2. Now I come to the actual measurement of the gap distribution. 
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Fig. 2. The points for the proton ranges greater than 1 em are each for individual 
measurements on single tracks. The 6 points, 3 for each stack, at range R < 1 em 
are such averages of the measurements on 15 tracks. 


A number of the earlier measurements of the coefficient of the gap distri- 
bution involved the measurement of the length of all the gaps in the track. 
This is very slow and tedious business. The final accuracy that is obtained 
for the mean gap length or g (in %) is given by 


(3) eo 
g /n 
where » is total number of gaps counted. 

The procedure we have adapted is to count the number of large gaps, of 
length greater than Z, and also the number of blobs/unit length. From the 
ratio we can calculate g. The choice of L is important, and it is best if L is 
between 2 and 3 times the mean gap size, 1/g. L is chosen by inspection. 

The error in one’s determination of g can be shown to be approximately 


IONIZATION MEASUREMENTS 941 


given (in %) by. 
dg 100 1 


(4) = 
I VNx log.(B/H) 


where N, is the number of gaps counted and B and H are the blob- and gap- 
densities in the track, as before. 

Since we chose the logarithmic term to be between 2 and 3, we can obtain 
a 3% statistical error in dg/g by only counting between 100250 gaps for 
the determination of the gap density. 

The final accuracy of the detemrination of g is not of course as good as if 
all the gaps over the same interval of track had been measured. It amounts 
to abstracting about 50% of the total information contained in the gaps. But 
it is much quicker than measuring each gap, for one only has to count perhaps 
5--10% of all the gaps, and the proportion of gaps needing close scrutiny or 
measurement, in order to decide whether they should be counted or not, is 
very small, between 3~10 times the minimum value. The value for g so 
obtained is not too dependant upon « if the product gx < 9.35. In the plates 
we have used we have found no large fluctuations in «. 

If the track is dipping and if the dip correction is significant, we prefer to 
use blobs and gaps for all values of ionization. 

Lastly I want to discuss very briefly, the determination of the velocity 
of a particle from the measurement of g. Differing conditions of development 
naturally result in differences in the value of g for tracks of high energy electrons. 
We call this value go. 

We find that the ratio, 9°, of the value g to that of relativistic electrons 
in the same plate, is nearly independant of development. This is shown in 
Fig. 2, where the results of gt = g/g. are plotted as a function of range for 
protons. All points for ranges ~ 12 em are obtained from measurements on 
x-megons. The values of 4, were measured for each enulsion in the stack, 
and corrected for depth. The depth variation was determined and found to 
be nearly the same in every plate. The statistical error in the individual 
determinations of g averages about 4% and the spread of points in svack I 
is consistent with this. The points for stack II, for which the development 
was very different, fall close to those of stack I for ranges — tem. For higher 
values of ionization they diverge owing to the effects of saturation. 

To sum up therefore. We have used the method I have described using 
blobs and gaps for determining the density of a track and hence the velocity 
of the particle. We consider that it is useful because of its comparative speed, 
becanse unlike the older methods of grain counting it is not influenced by the 
size of the developed grains, and because it can be corrected for dip 


accurately. % 
For the more lightly ionizing tracks we feel that the procedure I have just 
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described using blobs and gaps, is not necessary. We use blob countings alone, 
and so the measurements are completed rapidly. We then obtain the value 
of g using formula (1), and using the appropriate value of x for the plate or 
batch of plates. x may readily be obtained from measurements on trackg with 
ionization, 

For lightly ionizing tracks, blob densities alone are sufficient provided the 
answer is converted to g+ for the determination of velocity. 

g* appears to be a convenient and simple parameter from which to obtain 
the velocity of a particle. 
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Summary. — Using an apparatus previously described, measurements of the number 
of gaps n, total lenght of gaps x, mean gap lenght w = #/n, and number of « long » 
gaps #,, were made on a large number of traks. Proton, x-meson and p-meson traks 
coming to rest in the stack of pellicles (the no. 29 stack of Sardinian Expedition 1953) 
were employed. A rather large velocity interval has been investigated (0<v/e< 0.80). 
Our experimental results have been compared with the different theories which have 
been proposed to describe the formation of traks of ionizing particles in nuclear emul- 
sions. The problem of choosing the parameter which must be measured in the different 
velocity intervals in order to obtain the best value of the mass is discussed. It turns 
out that the best parameters are: in the near minimum region w, and in the «clogged » 


region x. 
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1. — Introduction. 


Although, with the large stacks of emulsion and the powerful machines 
now in use, Most of our work is concentrated around high energy, and so long 
range particles, there still remains a discrete proportion of events, the key 
to whose interpretation les in the recognition of the nature of a very short 
track. Such events are for instance slow interacting particles, the low energy 
products of their interaction, and the important class of the hyperfragments. 
We have been studying the possibility of extracting from the profile of such 
a track, a parameter which will be sensitive to the variation of ionization in, 
and can be measured accurately over, a few microns of track length. 

The work is still in its early stage. The results we give here are to be con- 
sidered as preliminary, in the sense that, while the measurements were care- 
fully made, the conclusions we draw from them may be premature. 

The measurements we have made consist in tracing the profile (in projection) 
of the track, by measuring the distance of the two edges from a fiducial line 
in the eyepiece. This can be done either by displacing the line (normal filar 
micrometer), or by displacing the image (Clausen micrometer), as discussed 
later. 

Figs. la and 1b show typical profiles of a x-meson track in sections 
0 +50 um and 550600 um from the end of range. From the information con- 
tained in such a profile we can determine the variation in either 


i) the mean thickness of the black portions of the track, 
ii) the gap-length, 
ili) the blackened area per 100 ym, which combines i) and ii}? 


(*) On leave of absence from Istituto di Fisica dell’ Universita di Cagliari. 
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Tn most of the events we have studied so far with this method, the number 
of gaps in the track was very small and we have used as parameter the mean 


thickness. 


In these first trials we used a very small cell of measurement, usually 0.25 um, 


in order to obtain the max- 
imum amount of informa- 
tion. We have yet to de- 
termine the optimum cell 
length for a given degree of 
ionization. 

The frequency distribu- 
tion of the individual mea- 
surements in a given track 
is not gaussian (see Fig. 8) 
and they are most likely not 
independent. In what fol- 
lows the errors quoted are 
generally deduced from the 
mean square deviation of 
the means of a group of 
tracks of the same nature. 
For single tracks, the errors 
are given either as the mean 
square deviation 0 of the 
individual measurements of 
thickness along the track, 
or as the spread mw of the 
means of a group of similar 
tracks, since we found that 
these two errors are gene- 
rally roughly equal, 
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Fig. 1. — « Profile » of a 7-meson track: thiekness vs. 

residual range. a) between 0 and 50 pm res. range; 

b) between 550 and 600 ym res. range. Arrows indi- 
cate gaps. 


as shown in Table I. 


A Wien io oll 


Track 


o on a single track 


u of means of tracks | o of means of tracks 


x-particle 46 um 34% (70 measurements) 
protons 46 um 2.5% (49 measurements) 


The spread of the individual measurements of a single track 


of the order of 25%. 


Before discussing in further detail measurements made, we 


1.1% (11 tracks) | 
oo A) tracks) | 


SOLI tracks) 
5.0% (5 tracks) 


seems to be 


should look 


briefly at the conditions in which they must be made. 
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We tried to define these conditions with the hope of improving the pre- 
cision of our particular measurements, but the conclusions apply also to other 
types of measurements in ‘nuclear emulsions as for instance gap-length and 
gap-counting. 


2. Conditions of measurements. 


21. Intensity of the light. — The light should be monochromatic and its 
intensity in the eyepiece should remain constant throughout a series of measu- 
rements. Fig. 2 shows how the measured area of a single blob decreases 
as the light intensity is increased. 
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2°2. Fatigue. — Tests have been made to determine the effect of fatigue 


provoked by uninterrupted measurement. The observer, with a given in- 
tensity of light, measured repeatedly and without interruption the area of 
the same blob. It was found that after twenty repetitions comprising each 
nine measurements of thickness, the mean area found for the blob decreased 
systematically in all tests by between 4% and 10%; the amount of variation 
depending on the intensity of the light and on the particular observer. 

In order to obviate this effect, the period of efficiency of an observer being 
determined, rest periods must be taken at regular, predetermined intervals. 
The measurements are controlled by checking before and after a series of 
measurements, the area of a given conglomerate of grains. 


2°3. Quality of development. — One of the major difficulties in testing the 
method arose from the variation with depth in the emulsion of the degree of 
development and corrosion. Whether or not we observe a variation with depth 
depends on what we measure and on the degree of ionization of the track. 
For instance, grain counting on dense tracks will show a gradient between 
surface and glass, even when the number of grains in « plateau » tracks remains 
constant [1]. Gap-length measurements tend to be less affected by variation 
in processing [2]. 
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ra ee. = Ay EIA n . . . 
As shown in Figs. 3 and 4, the gradient in thickness or area of conglo- 
mer: a nf PA INI ne TAP ye . ° : 
erates of grains can be very large. Blob-counting in plate X showed a 
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Fig. 3. — Plate X. Variation with depth in the plate of: a) area of the last blob of 
S-rays; b) the mean thickness of blobs of the mean length = 1.4 um of grey tracks. 
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Fig. 4. — Plate Y. Variation with depth in the plate of: a) area of the last blob of 
b) the mean thickness of blobs of the mean length = 1.4 ym of grey tracks. 


d-rays; 
maximum at about 200 um below the surface of a 600 um emulsion and was 
4.5% lower at the glass and 3.5% lower at the surface. In plate Y, the 
number of blobs decreased steadily from glass to surface, the overall gradient 
being 6.5%. Such irregularities in gradient in grain or blob counting are 
common and may be explained by the combined effects of gradients of deve- 
lopment and of corrosion, and also, perhaps, by the effect of delayed deve- 
lopment given by agents such as amidol-bisulphite. 

The two parameters which were tried to obtain an index of the gradient 
in thickness were: 


a) the area of the last blob of d-rays from tracks cro 
about 1.4 pm long in grey tracks crossing 


ssing the emulsion; 


b) the mean thickness of blobs 
the emulsion. 


17 - Supplemento al Nuovo Cimento. 
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The results obtained show that it is essential in these measurements to 
have calibration tracks at the same depth in the plate as those which we wish 
to identify. This condition is rather easy to satisfy on short tracks which do 


not take up much space in the plate. 


24. Effect of dip. — The thickness of the track depends on its angle of 
inclination to the plane of the plate. 
This we ascribe to the telescoping of the 
track during the contraction of the plate 


thickness of the last 16 um of Th x-part- 
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icles against their mean angle of dip. 


We see that the condition that tracks 
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ANGLE OF DIP @ a delicate matter on short tracks. We 

eee mare expect that in an emulsion swollen back 
Fig. 5. — Variation wilh ongle of dip I mae bs ; i 
mean thickness of «-particles 0-16 um to its original size after processing by pla- 
from end of range. sticizers [3] this variation should be less. 


38. — Variation of thickness with velocity. 


The interpretation of these measurements is based on the assumption that 
the thickness of the track is a function only of its charge and its velocity. 
So far we have considered mainly singly charged particles and have not yet 
established the rate of variation of thickness with charge. It has been tacitly 
assumed that for equal velocity the thickness will increase with increasing charge. 

The first measurements made on sections of 4 7’s, 4 uw’s and 1 proton track 
at various distances from the end of range gave the information shown in 
Fig. 6 region 4, where the mean thickness is plotted in function of the velocity. 

The work on the first fragment, 7 um long, which involved calibration on 
38, 1 K and 6 proton tracks gave the slope of the region B at low velocities 
(less than 8 = 0.07). 

More detailed measurements made on the last 200 pm of proton tracks, 
necessary for identification of a oY-particle, showed the presence of a max- 
imum between the regions A and B. This maximum appeared at about the 
same range on protons in three different plates processed in different labor- 
atories. An effect of this type can be important as a method of discrimi- 
nation between particles of the same charge and different mass. As will 
be shown later by Dr. ScARsI, it has been used in this way in one case [4]. 
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On a particle of known mass the position of this maximum can tellus whether 
or not the particle has reached the end of its range. 
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The definition of this maximum, found at 100 yum from the end of range 
on proton tracks and at 200 ym from the end of deuteron tracks, depends both 
on the degree of development of the plate and on the mass of the particle. 
The effect of scattering is to cause fluctuations in thickness, due both to the 
curvature of the track in the horizontal plane, and to the variations of dip 
in the vertical plane. Thus on a track of a light, highly scattered particle, 
the maximum, whose intensity is about 10% above the average thickness, 
will tend to be smeared out. In fact, while the presence of the maximum has 
been clearly distinguished in 9 out of 10 deuteron tracks, only 13 out of 22 proton 
tracks show clearly the effect. On a K-meson the maximum should occur 
at 50um from the end of range, but both the high scattering and short 
track length available for measurement rend its localization practically im- 


possible. 
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4. — Reasons for the thickening. 
The general increase in thickness with decrease in velocity could be 
explained by either: 
HE a) an increase in size of the developed 
grains with higher energy loss in the crystals, 
or b) the crowding out of grains as their 
number increases, 
or c) d-rays sensitizing crystals which lie 
slightly off the track of the particle. 
That the grain size does not seem to be 
greater for low than for high velocity particles 


is shown in Fig. 7 in which is given the distri- 
bution in diameter of single grains of a) tracks 
at « plateau » density, b) dense tracks (0-600 um 
u-meson range equivalent). 
The increase in number of crystals sensi- 
tised as the ionisation increases could explain 
0 4 8 12 16 20 24 28 32 36 a thickening of the track. When the probability 
_ Fis. 7. of development is nearly 1, then the number of 
DE 5 e, e grains developed per 100 um is about 250-300. 
i Since the diameter of the developed grain is 
about 0.6-0.7 um, it is clear that these grains cannot fit side by side. They must 
either merge or push each other off the track. Supposing the latter, we have made 
a rough calculation of the expected thickness of a proton track. The probability 
of development, P, being deduced from the mean gap-length using one of the 
current models of gap-formation [2, 5-7], we can estimate the number of grains 
developed per 100 um. We then fit these grains into a length (100 — G) um 
where G is the total gap-length per 100 um, and calculate the mean thickness, #, 
and area, S, of the horizontal section which we measure. The results are shown in 
Table TI, compared to the experimental results obtained on a slow proton track. 


Î ABI 
Thickness Area | 
Range | - - - — - —_— | 
Calculated Measured Caleulated Measured 
f 0.83 (*) 
0-1000 um | 0.87 (*) | 0.85 66 (*) 61 
1800-3900 um OMO) 0.76 52 (*) 50 
(*) Using values of P from either O’Ceallaigh or Herz models, 
(*) Using values of P from Fowler-Perkins model. 
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The agreement is too good considering the crude approximations made. 
For one thing it does not seem likely that such a spongy structure as a deve- 
loped grain should not merge to some extent with its neighbours. 

It seems reasonable to associate the presence of a Maximum in the mean 
thickness of the proton tracks at a velocity, B= 0.09, with a maximum in 
intensity of those 3-rays which can sensitise one extra crystal. This maximum 
occurs, on the Rutherford formula at p= 0.1. 

On tracks of highly charged particles, for which the ray density is high, 
there should be an important contribution to the thickening from d-rays which 
escape from the crystal in which they are formed. 


5. — Applications of the method. 


Table III gives an idea of the type of track to which we have up till now 
applied the thickness measurement. 


TABLE III. 
== = — 
Event Particle | Length | Dip | Notes 
| | | 
oK-GeMi, Fragment produced in the | Tumi| 26° — 


| capture of the K_ 

| i 
| oY-Pd, | Fragment produced in the | 48 pm | 500 = 
capture of the Y_ | | 


| 6He*-GeMi, (?) Fragment 200i 09 | In a region of corrosion 
| | | | 
a Y-GeMi, Primary hyperon 11440 pm | Flat for 200 pm, then 


goes to corroded sur- 


face region 


We do not discuss here these particular examples since they are treated 
in this conference in the light of the later events in which they occur. 

As we see, the method has been applied to tracks at most a few hundred 
microns long. This is simply because the determination of thickness of tracks 
is useful in the region in which grain-counting is impossible and gaps are too 
few to give useful information. It can be applied to longer tracks but the 
variation of thickness with range is then slow, and so the method is insen- 
sitive, and gap-counting or gap-measurement is preferable. 

When the velocity of the particle is very low, (Bez 0.07), the mean thick- 
ness of the track is directly related to its mass, as seen in Fig. 8, which con- 
tains the points obtained from the calibration of the 7 pm fragment. For 
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higher velocities, the presence of a 
S-ray-maximum can render a track cf 
a lighter particle thicker than that of a 
heavier one, if we average over the same 
range for each. The comparison can 
only be made if we determine the rate 
of change of thickness with range for 
each track. As noted above, the shape 
of the t—R curve can depend on the 
degree of development, which can vary 
not only from plate to plate, but also 
within the plate itself. It must there- 
fore be established anew for each event, 
in the region of velocity involved. This 
might seem to be a serious disadvan- 
tage of the method, but in fact, over 
short tracks, the range of velocity covered is high, and the information 
we need is obtained on rather few measurements. 

It is evident that the usefulness of thickness measurements will extend 
to longer ranges on tracks of higher mass and charge. 


== 


ni) 


THICKNESS OF TRACK IN jt 


o 
io 
nn 


° 
& 
== 


0.7 


0.6 


vi 
v EH O-PS 
: eee 


2 e O I EIA GRIDA, COR: 


PARTICLE 


Fig. 8. 


6. - The Apparatus Used. 


The measurements described here require a good eyepiece micrometer on 
a strong base. We found it convenient to use, instead of the normal filar micro- 
meter, a Clausen micrometer [8] which is in essence, a plane parallel plate 
inserted on the optical axis between objective and eyepiece (Fig. 9). The 
rotation of this plate perpendicular to the optical axis gives a measurable 
displacement of the image. 

With two such plates ro- 
tating in perpendicular planes, 
we can measure displacemetn 


in Y and Y, using the normal -1--0) AY 

filar micrometer to set the cell \ V ee . Lr 

of measurement. In this way 

we avoid very small displace- ne 

ments of the stage. 
Measurements of gap-lenght 

with this apparatus proved to 


> 


Fig. 9. 


be rather easy and rapid. It can obviously replace the filar micrometer 
also in scattering measurements, giving maybe greater detail on tracks near 
the end of range. 
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We wish to thank Dr. CANTÙ of Koristka Brothers. who constructed the 
apparatus for us. 
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Mesures des masses avec la méthode photométrique. 


M. Artom et C. GENTILE 


Laboratorio di Fotometria dell’ Istituto Elettrotecnico Nazionale G. Ferraris - Torino 


Dans le Laboratoire de Photométrie de l’Institut Electrotechnique National 
« G. Ferraris » de Turin nous avons réalisé une dispositif photoélectrique pour 
la mesure de la ionisation des traces nucléaires [1-10]. 

Avec une technique analogue à celle proposée par MoRELLET [3] nous avons 
employé un microscope Leitz Ortolux. L’image de la trace est projetée sur le 
plan d’une fente de visée paralléle a la trace méme (ouverture 0.2 um dans 
le plan objet) liée au photomultiplicateur EMI 6260. 

Un balayage optique perpendiculaire a la fente permet d’explorer, avec 
une fréquence de 50 Hz, une région rectangulaire de la plaque. Avec un prisme 
on a la possibilité de tourner image de la trace autour de l’axe optique, le 
réglage et l’alignement de la trace, par rapport à la fente, se faisant ainsi en 
manière tout à fait précise et rapide. 

L’impulsion du photomultiplicateur est envoyée aux plaques d’un oscillo- 
graphe a travers un préamplificateur et un filtre électrique qui a le but d’éli- 
miner autant que possible le bruit de fond. 

La Fig. 1 montre la photographie d’ensemble de l’appareil et la Fig. 2 re- 
produit l’impulsion obtenue sur Voscillographe par le profil d’une trace de 
proton. On a adopté l’éclairage de la plaque proposé par VAN Rossum [7]: 
un objectif forme image d’une fente parallèle è la trace dans le plan de l’émul- 
sion, la largeur de la fente d’éclairage est de 4 um. Le système offre l’avantage 
de reduire l’effet de diffusion de la lumière, c’est-à-dire la correction de pro- 
fondeur. 

La correction de pente est très importante dans la méthode photo- 
métrique a cause de l’impossibilité de mettre au point une trace inclinée sur 
toute la longueur de la fente, mais au lieu de procéder A cette correction nous 
avons préféré un dispositif qui permet d’incliner la plaque. 


—- 
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La méthode a été utilisée pour la mesure de masse de particules s’arrétant 
dans l’émulsion (*). 

Une calibration préliminaire avec des particules x primaires d’étoiles de 
grande énergie nous a donné le coefficient de correction en fonction de la pro- 
fondeur, ce coefficient est d’ailleurs constant à partir du verre jusqu’a 450 um 


au-dessus du verre et ne dépasse pas 10%, sur la surface. 


On a ensuite determiné pour des mésons x de calibration les valeurs d’opa- 
cité en fonction du parcours restant, le parcours restant variant de 500 um 
a 6000 um. La courbe de référence a été ainsi obtenue avec 66 points expé- 
rimentaux. Chaque point est la moyenne d’une série de pointés sur un troncon 


de 400 ym, La moyenne pondérée des masses individuelles des mésons uti- 


(*) Les mesures ont été effectuéges dans un lot de plaques Ilford G5, 15x 15em» (600 um). 
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MESURES DES MASSES AVEC LA METHODE PHOTOMETRIQUE 
lisés pour l’étalonnage donne la masse moyenne: 
ZIA SI 


L'écart type de la dispersion par rapport à la moyenne est de 24 m,. 

Cette courbe de référence nous a permis de mesurer les masses de deux 
mésons lourds K-To, et K-To,, utilisant des parcours restants compris entre 
1800 et 20000 um. Les lectures ont été effectuées pour chaque méson K sur 
une longueur totale de 6 mm de parcours et sur des plaques où se trouvent 
Jes mésons étudiés pour l’étalonnage. Les valeurs trouvées sont: 


m = (9694 80) m,, 


K-Tos 


= (1037 + 100) m,. 


Mi 


us désirons esprimer notre gratitude à Monsieur le Professeur R. DEAGLIO 
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à Mademoiselle C. M. GARELLI. 
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Ionization Measurements on Dipping Tracks. 


H. WINZELER 


Physikalisches Institut der Universitat - Bern 


O’CEALLAIGH [1] was the first who showed, that the distribution of gap- 
lengths G between blobs follows an exponential law. He introduced the mean 
gap-length G as a useful measure for the ionisation, and showed, that in case 
of an exponential distribution of the gap-lengths, a homogeneous growing of 
all blobs does not change G. 

For dipping tracks one gets the relation (see Fig. 1) 


(1) G'= G cos 6 — d(1— cos 6), 


d is the grain-diameter. 

After having determined d, one is able to calculate G from G’. From the 
distribution of the G-values one 
obtains G. (We used the proce- 
dure of O°CRALLAIGH). 

It can be easily shown, that a 
simplification is here possible. The 
last term in formula (1) does not 
effect the mean values Gand @’. Its 
influence is just analogous to a gro- 
wing of the blobs. So one gets 


(2) G'= Geos od. 


For determining G@’, one can 
employ exactly the same procedure 
Sa is employed for G, and use expression (2) to get G. 


We verified (2) with relativistic «-particles. The tracks had dips up to 500, 
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The results, shown in the Table I, confirm the validity of expression (2), So 
one can conclude finally, that it is a useful relation to get G for dipping tracks 
of about 4 times minimum ionization, and for dips up to 50°. 


TABLE I. 
G' (um) 0.90 0.83 : 0.69 0.57 
Do) 79 270 390 490 
Gi) 0.91 + 0.03 0.93 + 0.06 0.91 + 0.05 | 0.87 == 0.06 
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Neutral Hyperons and Heavy Mesons. 


CEGBULEER 


Imperial College - London 


1. — Introduction. 


This paper contains a brief review of published work of an experimental 
character on the properties of neutral hyperons and heavy mesons. Consi- 
derable use has been made of the many excellent and extensive reviews covering 
this field which have appeared in recent years. The author is particularly 
indebted to R. W. THompson for a prepublication copy of his article which 
will shortly appear in Progress in Cosmic Ray Physics (1955). Only the most 
important experiments are discussed in the present paper and no attempt 
is made to refer to all workers in the field or to give a complete bibliography. 


2. — The early work on V°®-particles. 


Cloud chamber studies of high-energy showers of penetrating cosmic-ray 
particles were started by several groups of workers about 1945. Most of this 
early work was devoted to studies of the charged penetrating particles. In 
1947, however, RocHESTER and BuTLER demonstrated the existence of a neutral 
unstable particle considerably heavier than the x-meson from a study of its 
decay fragments in a Wilson cloud chamber. The positively and negatively 
charged secondary particles formed a V-shaped track in the chamber, a process 
which has now become very well known, several thousands of these events 
having been photographed by various groups. For this purpose, both magnet 
cloud chambers and multiplate chambers have been used, and more recently 
the decay of V°-particles have been identified in photographic emulsions. 

The interpretation of RocHEsTER and BUTLER [1] was confirmed by SERIFF 
et al. [2] who were the first to find V°-decays with heavily-ionizing tracks 
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and to make an approximate lifetime measurement (3-10-!° s) for the V°-part- 
icles. The first detailed work on the preperties of the particles was that of 
ARMENTEROS et al. [3] using a small magnet cloud chamber on the Pic du Midi 
in the French Pyrenees. They obtained strong evidence that there are at least 
two types of V°-particle. The charged secondary particles produced by the 
first type were shown to be a proton and a light meson. The secondaries of 
the second type were not identified but the positive secondary was found to 
be lighter than the proton. This conclusion ‘vas soon confirmed by THOMPSON 
et al [4]. 

ARMENTEROS et al. [5] reported measurenents on the decays of 70 V°-part- 
icles and were able to interpret the measured examples by means of two 
plausible two-body decay schemes, namely 


It must be emphasized that the actual identity of the mesons in schemes (1) 
and (2) was not established in 1951. Many of the events were of high energy, 
consequently the tracks of both secondaries were at minimum jonization. 
Since these decays could not be classified directly, ARMENTEROS et al. suggested 
a dynamical procedure based on the simple properties of two-body decays 
An exhaustive treatment of this problem has been reported by PODOLANSKI 
and ARMENTEROS [6]. The Indiana group, led by R. W. THomPson, and some 
other groups have made use of the parameters suggested by ARMENTEROS 
et al. [5]. 

Since 1951, many experiments have been made which show that most of 
the decay of V°-particles can be interpreted by schemes (1) and (2). The nature 
of the secondary particles has been established, accurate Q-value measure- 
ments are now available and the mean lifetimes have been measured. 

The evidence for the two decay schemes are now discussed in detail and 
possible anomalous cases are considered. Finally, a short discussion is given 
of possible production mechanisms. Very important contributions to this 
aspect of the subject have been made recently by workers at Brookhaven 


using artificially produced V°-particles. 


3. The A°-particle. 

31. The charged secondary particles. — The nature of the charged secondary 
particles has been carefully investigated by many 
ques. The results can be summarized as follows. 


groups using various techni- 
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3'1.1. — Application of the ionization-momentum method for measuring 
particle mass has shown that the positive and negative secondaries are a proton 
and an L-meson, respectively. Recent experiments in which the droplet count- 
ing technique for precise measurements of ionization has been employed have 
confirmed this conclusion. 


3°1.2. — A positive secondary has been observed to come to rest in the 
gas of the chamber without decaying (MILLAR and PAGE [7]), thus confirming 
that it was not a K-meson with a mass close to that cf the proton. 


3°1.3. — Many groups have reported apparent deflections in the tracks of 
some negative secondaries. These can all be interpreted by the 7 > u decay 
process. 


3'1.4. — The negative secondary interacts readily with matter. For ex- 
ample, BRIDGE et al. [8] found an interaction cross-section of (163--40) g em? 
in lead, close to the geometrical value. 


3°1.5. — The nature of the charged secondaries has been confirmed by the 
recent photographic emulsion work. 


3°1.6. — We conclude that there is strong evidence that the majority of 
V‘-particles decay into a proton and a 7--meson. There is a possibility, how- 
ever, that a small percentage of V}-particles may have different charged se- 
condaries; for example, a y--meson may be produced sometimes. 


3'2. The possibility of neutral secondary particles. — No direct evidence for 
neutral secondary particles has been found. In particular no example of the 
decay process: 


(3) A>n+ 7 


has been reported. 

Extensive investigations have been made to check that in every measur- 
able A°-decay the plane of the fragments contains the origin of the unstable 
particle. It is usual to measure the non-coplanarity angle 6, namely the angle 
between the decay plane and the line-of-flight of the A°-particle. Use is then 
made of a theoretical distribution of the angles 6 given by BRUECKNER and 
THOMPSON [9]. Low energy decays are found to be the most sensitive to the 
presence of light neutral particles. BRIDGE et al. [8] studied a small group 
of such cases and, on the basis of Brueckner and Thompson’s statistical theory, 
excluded the possibility that a light particle, such as a photon or a neutrino, 
is produced by the decay of the A°-particle. 


313. Q-values. — Data on Q-values for a number of A°-decays observed by 
various groups are given in Table I. The data of the Indiana and Cal. Tech. 
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(Cowan and GuESSs) groups are unpublished data drawn from THOMPSON’S 
review (see $ 1). The Q-values given in column (5) are consistent with a unique 
value of 37 MeV. The data summarized in row (5) is the most important 
obtained with the photographic emulsion technique. It must be noted that 
the photographic plate group obtain Q-values which differ widely from 37 MeV; 
these are usually attributed to 2-prong stars which simulate the decays of 
A°-particles. 

The California Institute of Technology group have reported from time to 
time many cases of Q-values which differ appreciably from 37 MeV, e.g. LEIGH- 
TON et al. [12]. The more recent work of VAN LINT et al. [10] shows that the 
number of these anomalous events relative to the number of normal cases is 
small. A few examples are quoted in the last column of Table I. Some of these 
anomalous events may be nuclear interactions in the gas of the chamber, 
LEIGHTON has pointed out that most of them can be interpreted by a possible 
alternative mode of decay of the A°-particle, namely: 


(4) A°>pt+ pu +v+ 71 MeV. 


The apparent Q-values calculated from the momenta of the proton and L-meson 
could then have values in the range 0—71 MeV. 


3'4. The lifetime of the A°-particle. — Several groups have studied the spacial 
distribution of the decay points in cloud chambers. Following the suggestion 
of WILson and BuTLER [13] the data has been combined by PAGE [14] who 


found the best value of the lifetime to be (3.7*°)-10-10 s. 


4. — The 0°-particle. 


41. The charged secondary particles. - ARMENTEROS et al. [3, 5], were the 
first to find good evidence for decays of V°-particles with positive secondaries 
much lighter than the proton. The results of all the main groups of workers 
are now summarised. 


41.1. — The ionization momentum method for mass measurement has been 
applied to a few cases. The results show that both positive and negative se- 
condaries are L-mesons. 


41.2. — The secondaries have been observed to interact with matter. For 
example, the data of GreGoRY et al. [15] show that it is four times more pro- 
bable that both secondaries are z-mesons than that one is a m-meson and one 
a p-meson. 
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42. Possible neutral secondary particles. - No direct evidence of neutral 
secondaries, such as 7°-mesons, has been obtained. Several groups, see for 
example BARKER [16], have examined the coplanarity of the 9°-decay particles 
with the origins of the particles. The data are consistent with the two-body 
scheme (2). 


4°3. The Q-value of the 0°-decay process. — Q-value measurements have been 
made by several groups, the most accurate data being that of the Indiana 
group (THOMPSON et al. [17]). The mean Q-value from a small number 
of good cases is (214 + 5) MeV. One case, however, was inconsistent with this 
value. BARKER [16] reanalyzed the data of the Manchester Pic-du-Midi group 
and found the Q-values of many of the V-decays to be consistent with the Indiana 
value, but a number gave significantly lower Q-values. Similar results have 
been found by VAN Lint [18]. A considerable amount of attention has been 
given to this data. In view of the results outlined in $ 4°2. it is hardly possible 
to interpret the whole of the published data by a single 3-body scheme. In 
addition, the data of the Indiana group favour strongly the process 


(5) 00 > nt + 7- + (214 +5) MeV. 


Recent results of the Indiana group, reported to the Pisa conference by 
THOMPSON, confirm this conclusion. In fact, it is possible to show from a 
study of the dynamics of the decays that the two secondary particles must 
be of closely equal mass and that this mass is that of the z-meson rather than 
that of the u-meson. 

All the groups have found decays which, if interpreted by scheme (5) give 
Q-values which are significantly smaller than 214 MeV. The number of these 
anomalous events is about 15% of the normal 0°-cases. AsTBuRY [19] has 
given a detailed discussion of the early data and THompson [20] quotes a 
number of new cases. At present, there are insufficient data for any definite 
conclusions to be reached. Several possible decay schemes have been sug- 
gested. For example, some of the decays with Q-values of less than 80 MeV, 
calculated on the basis of two secondary 7-mesons, May be due to the decay 
of 7°-mesons, viz. 


(6) 20 > nt bn +7 + 80 MeV. 


Van Lint et al. [10] suggested that the §°-meson may have more than one 
mode of decay, the second one being: 


(7) 90 > n= + psi + y + 248 MeV. 


This scheme can be used to explain all the anomalous cases. More data are 
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required before the shape of the Q-value distribution, calculated disregarding 
the neutrino, can be compared with a theoretically expected distribution. 
It is to be hoped that careful ionization measurements by the droplet counting 
technique on the secondary tracks of anomalous decays may enable the se- 
condary particles to be identified in some cases. 

CowAN [21] has obtained a very interesting photograph of a decay which 
cannot be due to a A°-particle and which probably cannot be interpreted by 
any one of schemes (5), (6) and (7). The positively charged secondary was 
identified as a z-meson since it showed the characteristic decay-in-flight. The 
momentum of the negative secondary was (875 + 70) MeV/c and its ioni- 
zation (1.70 + 0.19) xminimum. From these data the mass of the negative 
particle was deduced to be either one electron mass or (1850 4 50) m,. The 
Q-value, assuming a scheme 


(8) A°>p_ + nt, 


is only (11.7 + 4) MeV. 6-If the ionization measurement is too high, possibly 
due to some unsuspected systematic error, the event could be interpreted by 
scheme (5), although the Q-value would be low, namely (116 + 15) m,. Under 
this assumption the event would fall into the group of anomalous 0°-decays. 


44. The lifetime of the 0°-particle. — Several groups have made lifetime 
measurements from the distribution of the decay points in cloud chambers. 
No attempt has been made to distinguish between events interpreted by 
cheme (5) and the anomalous case referred to in § 4°3. GAYTHER [22] has 
obtained a weighted lifetime of (1.7*0%)-10-" s. 


5. — The production of A°- and 0°-particles. 


Very little is known about the production processes of A° and 6°-particles 
since the majority of these particles have been observed as components of 
high-energy cosmic ray showers in which very complex processes occur. How- 
ever, some preliminary data are available on the relative frequencies, the energy 
spectra, and the angular distributions. Recently outstanding work has been 


done on the production processes for A°- and 0°-particles using the Brook- 
haven cosmotron. 


51. A°-particles produced by the decay of negative hyperons. — A°-particles 
are sometimes produced by the free decay of the E--particle according to the 
scheme: 


(9) H-—>A° +7 + 66 MeV. 
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Only a small percentage of the A°-particles seen in cloud chambers have their 
origin in this process. 


52. A°-particles produced by the capture of K -mesons. — Convincing evi- 
dence has been obtained by BARKER [23] and DE STAEBLER [24] for the pro- 
duction of A°-particles following the nuclear capture of K -mesons. Examples 
of the interactions 


(10) oe py AE ot 
and 
(11) K+n->A/°+7T 


have been observed. 


563. The production of A°- and 0°-particles in collisions between accelerated 
particles and free nucleons. — FOWLER et al. [25] were the first to observe 
the simultaneous production of a A°- and a 6°-particle in a collision between 
a 1.37 GeV x--meson and a free proton. This process was observed in @ 
hydrogen filled diffusion chamber operated in the 1.37 GeV 7--beam of the 
Brookhaven cosmotron. The event could be interpreted by the simple scheme 


(12) nx +p—>A°+ 6. 


THOMPSON et al. [26] have observed a A° and a 0°-decay, both of which 
were well identified, on a photograph of a cosmic-ray shower. The two neutral 
particles have a common origin just above the chamber. No ionizing particles 
from this origin were seen in the chamber. The association of the V°-tracks 
can be explained by means of scheme (12); the calculated energy of the z-meson 
is 1.5 GeV. Several other cosmic-ray examples of the association of hyperons 
and K-mesons have been observed recently both in cloud chambers and in 
emulsions. 

Data have now been obtained at Brookhaven with two different hydrogen- 
filled diffusion chambers. One chamber was operated in a magnetic field, 
the other, a much larger chamber, was not provided with a magnet. Mo- 
mentum measurements were made on the secondary particles from A®- and 
6°-decays wherever possible, but unfortunately the accuracy obtainable in the 
diffusion chamber was disappointing. FOWLER et al. [27] and WALKrR [28] 
have described eleven interesting interactions of x--mesons in the hydrogen, 
the first nine were obtained with the 77-beam at 1.37 GeV, the remaining 
two events were photographed when the beam was set at 1.1 GeV. Three of 
the photographs showed the production of two Vo-particles by a 7 -meson, 
four showed only one V°-particle and the remaining three interactions were 
each consistent with a charged hyperon associated with a charged K-meson. 
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The events with two V°-particles are of the greatest interest; one can be inter- 
preted satisfactorily by scheme (12) but the measurements on the remaining 
two show discrepancies. FOWLER et al. [27] and WALKER [28] find that these can 
be resolved if a very short lived neutral hyperon is produced which decays into 
a A°-particle and a y-ray. Making this assumption they find that the mass 
of this new hyperon corresponds very closely with that of the well known 
Y*-hyperon. Thus they feel that, in addition to scheme (12), the following 
process occurs: 


(13) Ti po 


Four of the events in which only one of the V°-particles decayed inside the 
illuminated region of the chamber can also be interpreted by scheme (13). 
Further work, involving precise momentum measurements, is necessary before 
the existence of the Y°-hyperon can be regarded as established. 

Investigations of various angular relationships in the production processes 
have been started. When the 7--meson energy was 1.37 GeV the A°-particle 
had a marked tendency to move backwards in the centre-of-mass system of 
the 7--meson and the target proton. This is also the case in the cosmic-ray 
event of THoMPSON et al. [20]. WALKER [28] reports that this effect did not 
appear to be so marked when the energy of the 7--mesons was reduced to 
1.1 GeV. Other angular relationships have also been considered; for example, 
it might be expected that the angle (x) between the production and decay 
planes would be oriented at random. The production plane is determined by 
the paths of the z-meson and the V°-particle, and the decay plane by the two 
secondary particles produced by the decay of the V°-particle. FOWLER et al. [27] 
find, however, that the values of « tend to be less than about 45° for A°-part- 
icles but are more evenly spread for the 60°-particles. Some similar results 
in cosmic-ray data have been reported by BALLAM et al.[29]. As yet the amount 
of data is meagre and no definite conclusions can be reached. It is to be hoped 
that eventually data on the angular relationships will give information on the 
Spins of the V°-particles. FOWLER et al. show that the absolute cross-section 
for the production of A° and 0°-particles by =--mesons of 1.37 GeV is about 
0.9 millibarn. 

Several attempts have been made to observe the production of A°-particles 
by accelerated 7-mesons in the energy range 200--500 MeV which is below 
the threshold for process (12). Negative results were obtained except possibly 


in the case of the experiment of ScHEIN et al. [30]. Further confirmatory work 
is needed. 


54. The production of V°-particles in high energy cosmic-ray showers. — 
VOCHESTER and BuTLER [1] discovered the V°-particles in the course of a 
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study of high energy penetrating showers. Since then almost all the cosmic-ray 
cloud chamber photographs showing decays of hyperons and heavy mesons 
have been taken using counter selection systems designed to detect showers 
of average energy at least 5--10 GeV. Several groups have studied the 
types of showers with which the decays are associated. For example, FRETTER 
et al. [31] have shown that V°-particles are produced in showers initiated by 
nucleons, while LEIGHTON et al. [32] demonstrated that secondary T*-mesons 
can produce V°-particles, possibly more readily than nucleons. 

Several groups have reported finding pairs of V°-decays apparently pro- 
duced in a single nucleon interaction, but it has not been demonstrated that 
all V°-particles are produced in this manner, In a recent paper, JAMES and 
SALMERON [33] have given measurements on 19 pairs of V°-decays from nuclear 
interactions in lead but no case was consistent dynamically with scheme (12). 
To explain this result they suggested that the V°-particles were appreciably 
scattered in the lead nuclei. JAMES and SALMERON also account in this way 
for the large numbers of slow neutral hyperons that are found by several groups. 
GAYTHER and BuTLER [34] have found that the spectrum of A°-particles is 
similar to that of protons in showers while the spectrum of the §°-particles 
resembles that of the x*-mesons. For example, they found that 40% of the 
A°-particles had energies of less than 70 MeV. The angular distribution of 
the A°- and 6°-particles, with respect to the directions of the particles initiating 
the showers, are also different. The number of decays analysed was small 
but the data indicated that the A°-particles emerged from the lead-plate with 
an almost isotropic angular distribution in the laboratory system, while the 
0°-particles were collimated in the forward direction in a manner similar to 
the =<*-mesons in the penetrating showers. The angular distribution of the 
A°-particles is probably similar to that of the «grey » protons in energetic 
stars. 

The number of A°-particles with kinetic energies in the range 20 500 MeV 
is about 3% of the z*-mesons, while the §°-particles with energies of 
400-3000 MeV number about 1.5%, of the z*-mesons. NEWwTH [35] reported 
finding equal numbers of A°- and 0°-particles in appreciably higher energy 
ranges. The apparent excess of low energy A°-particles may indicate that these 
particles are not always produced in association with K-mesons. 


6. — Conclusions. 


The principal conclusions that can be reached in June, 1955, on the pro- 
perties of V°-particles are as follows: 


(1) The existence of one type of neutral hyperon, the A°-particle, has 
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been established. The decay scheme is 


AS pt en SR Te Mey. 


+ 20 È : » 9Q7+0:6\.1)- 
The mass is (2180 42) m, and the mean lifetime (3.725) :107° s. 


(2) One type of neutral K-meson has been established. The decay 
scheme of the 0°-particle is 


0° sant dg Sl (214 5) Mev. 
The mass is (965 +10) m, and the mean lifetime (1.740): 107° s. 


(3) Some decays of neutral K-mesons cannot be interpreted by the 
0°-decay process. The nature of these anomalous decays has not yet been 
established. 


(4) The production of associated A° and 6°-particles has been demons- 
trated. No clear evidence for the single production of a A°-particle has been 
obtained except from the capture of a K -meson. 
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The cloud chamber is shown diagramatically in Fig. 1. The details are 
as follows. 
Body of stainless steel, internal diameter 20 em, wall thickness 5.5 em. 
Depth of chamber 20 em. 
Window 5 of pre-stressed glass 4 em thick and aperture 10 cm. 


Illumination by Mullard LSD7 photoflash tubes through two pre-stressed 


glass windows 2.5 cm thick and 4 em diameter. 


H, I, are two brass plates perforated by 600 regularly spaced holes each 
1 mm in diameter. 


G is a rubber diaphragm with limits of motion defined by H, 7. 


J is a handle that moves the back plate 1 and enables adjustment of 
expansion ratio from outside the chamber. 


Before the expansion a differential pressure of about 2 atmospheres bet- 
ween BC and CC presses G against plate H. Expansion of the gas in BC into 
a third volume causes G to be pushed back against 1. After expansion the 
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differential pressure between CC and BC is about 13 atmospheres. The normal 


mo 


operating pressure in CC is 73-18 atmospheres. Under these conditions, 
using argon gas and ethyl alcohol con- | 
densant the operating characteristics 
are as follows: 


Expansion ratio, 1.06 —1.07. 


Clearing field, 2000 4000 V 
across chamber: 


Recycling time, 15 minutes. 
Expansion time, 0.2 seconds. 

Drop growth time, 0.2 seconds. 
Sensitive time, 2 seconds. 

Width of minimum ionization track, 


0.5 mm. 


Stereoscopic pairs of pictures were 
taken with two Dalmeyer lenses of fo- 
cal length 35 mm, stereoscopic angle 
15°, aperture f/11. The photographs 
were made on Ilford 5G91 or Ferrania 


GAY film. The selection system em- STAINLESS PHOSPHOR RUBBER GLASS 
Ri we STEEL BRONZE 5 

ployed consisted of a tray containing fi i 

six counters, 15 em long, 2.8 cm dia- Fig. 1. 


meter placed above the chamber be- 

neath a lead block that has varied in thickness from 5 to 20 cm. A second 
tray of 10 counters, 22 em long, 2.8 cm diameter was placed below a 5 em 
lead block below the chamber. A discriminator circuit triggeed the chamber 
on any fivefold coincidence with the proviso that there must be at least one 
counter discharged in each tray. A hodoscope operated in conjunction with 
the selection system enabled identification of the actual counters discharged 
each time the chamber was triggered. A third counter tray on the roof of the 
hut correlated the discharges with extensive showers. 

The two chief technical difficulties that have been encountered are distortion 
and non-uniform distribution of vapour. Both these conditions are associated 
with temperature gradients across the chamber. If no temperature control 
is used the top of the chamber reaches a temperature of the order of 0.51.0 °C 
above the bottom. Under these conditions the vapour becomes depleted at 
the top after a few expansions. Tracks are then visible only in the bottom 
part of the chamber. The top part of the chamber is therefore cooled by means 
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of a forced draught. But if this is overdone distortion sets in. Thermistors 
are now being installed which will enable the control of the internal tempe- 
rature of the chamber to within 0.1 °C. When bad distortion is present it is 
immediately obvious from the appearance of the tracks. Owing to multiple 
scattering at the high gas pressure however the tracks are not perfectly straight 
and small distortions could be attributed to multiple scattering. To test for 
time-dependent distortion two stereoscopic pairs of photographs are taken 
as a routine, the separation between the first and second flashes being 
variable between 0.2 and 2.0 seconds. 


1. — Results of operation. 


In an effective operating time of approximately one year 5000 pictures 
have been taken. They contain the following events of interest: 


(i) 14 V°-decays originating in the chamber wall or in the lead above 
and one V°-decay originating in a nuclear interaction in the gas. 


(ii) Approximately 20 high energy nuclear interactions in the gas of the 
chamber (i.e. interactions in which either the incident particle is relativistic or 
in the case of neutral primaries, the secondaries contain relativistic particles). 


(iii) Ten particles that come to rest in the chamber and produce sub- 
sequent decays (including two 7-u-e-decays). 


(iv) Approximately 30 particles that come to rest in the chamber without 
producing subsequent decays. 


(v) Approximately 80 examples of deflections or decays in flight of pe- 
netrating particles. At the high pressure the vast majority of these are likely 
to be deflections. 


Owing to the difference in the appearance of events in the high pressure 
cloud chamber it is difficult to compare our rate of local penetrating showers 
with that of other groups. We define a local penetrating shower as one 
in which at least three penetrating particles appear to come from a common 
origin in the chamber wall or in the lead above the chamber. Defined in this 


way we have obtained about 600 local, penetrating showers and averaged one 
V°-decay in each 45 such showers. 


2. — Analysis procedure. 


Interesting problems are posed in connection with the identification and 
momentum measurement of particles producing tracks in the high pressure 
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cloud chamber. No magnetic field is available with the present chamber and 
the continuous nature of even minimum: ionization tracks rules out drop 
counting methods for specific ionization determinations. The following me- 
thods can be used however. : 


(i) Measurement of residual range. — AS pointed out above we have about 
‘40 particles other than electrons that come to rest in the gas of the chamber 
and are of length sufficient to enable multiple scattering measurement to be 
carried out. 


(ii) Multiple scattering. — This is available for tracks with a pf value 
value below 200 MeV/c. Apart from statistical errors the main errors asso- 
ciated with multiple scattering measurements arise from finite track width 
and distortion. With a track of the above value of pf passing across a dia- 
meter of the chamber, using cell lengths of optimum size, between 20 and 30 se- 
cond differences are available. Most of the work on multiple scattering has been 
carried out using a coordinate method of analysis and measuring deflections 
straight off the film by means of a low power microscope. Corrections have 
then to be made for the change in magnification along the track owing to the 
conical projection. In fact all measurements are reduced to root mean square 
multiple scattering deflection in space. A cut-off procedure used by GOL- 
psack in nuclear emulsion multiple scattering analysis has been used. All 
squares of second differences greater than four times the mean square are 
assigned a value of four times the mean square. 

We have assumed the scattering constants derived for photographic emul- 
sion work to be applicable to argon at 75 atmospheres pressure and have 


taken the root mean square deflection in space, 4/2 as given by 


— ‘ } 285 z 
VE = Sl 145 +0.80 fin 3 VI 
pp 


~ 


B2 + 0.052) | 


where pf is in MeV/c, t is the cal, ee e ie il 
length in space (in cm). + 


ast & 4 
. (°) 

(iii) 3-ray counts. — A count of the ell 
N > 7 i v | 
3-ray frequency along a track provides os| da | 
a useful method of estimating 6. If the DI Distance of last - +t 

È Si -ray from € 
count is done visually great care has to 044 of track=—( 
; A È = a-particle ,7.4cm 
be taken to ensure that objective cri- = gioia 62m 
teria are used in deciding what is to be ° 7 p=meson, 0.6cm 
counted as a 3-ray. We have required I | At | 
ite i (0) 2 4 Goan 8 1 

that there must be a definite increase f 0 Ee e 


track width for a blob to be counted as (x 4 for a-particle) 
a S-ray. Using such a criterion Fig. 2 Fig. 2. 
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shows the S-ray frequency to be expected as a function of specific ionization, 
The curves shown here have been normalized using ò-raycounts made on 
150 MeV proton tracks in argon obtained from the synchrocyclotron at 
A.E.R.E., Harwell, and also on tracks of minimum ionization. The curve 
shows the upper limit to the mass of a particle that can be obtained by mea- 
suring the residual range at the position of the last d-ray. 


) (HILGER MICROPHOTOMETER “ Photographic density along the track 
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Recently we have attempted to extend the usefulness of this method by 
recording §-rays photometrically. For this work the length of the micro- 
photometer slit was approximately equal to, and its length about three times, 
the track width. The track was scanned with the slit placed perpendicular 
to it. Scans were also made of the background with the middle of the slit three 
track widths on either side of the track. Fig. 3 shows the photometric density 
variations along track and the mean of the two background scans for a 
track forming one arm of an identified V°, Fig. 4 shows the difference between 
the two curves shown in Fig. 3. More work is needed before it can be said 
that d-ray counting can be developed into a reliable method for the estimation 
of 6. But the use of the photometric method has increased the number of 
S-rays detected from the 3 observed using the criterion for visual observation 
to 22 in the case of a typical track. 


(iv) Track width determinations. — Provided allowance is made for va- 
riations in magnification the width of a track should be related to the spe- 
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cific ionization of the particle producing it by a relation of the type 
or Ae alin yar 


where A, B are constants. In this expression the width w of the track is de- 
fined as the distance between two points on either side of the track at which 
the photometric density is a certain 

amount (say 0.1) above that of the || 
background. 

Fig. 5 shows a plot of logY 
against w? for identified tracks ON jo, 
the same film, w being measured na 
by a low power microscope. The  ,, 


1) 


jt 
fat 


two side lines represent about the < 
limits of individual readings of the a ai 
width by the visual method. An pen 
idea of the accuracy of the visual $ 
method is also obtained from the topÈ 
following table which, for a track FI 


of approximately minimum ioniza- 5 
tion passing across the chamber, 
gives the relative specific ionization 
at various points along it as estimat- 
ed by width measurements after al- 
Jowance has been made for changes 0 0.2 04 0.6 
in magnification along the track. Fig. 5. 
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No correction has been made here for the change in illumination in crossing 
the chamber. Such a correction would reduce the apparent width obtained 
in the centre and thus reduce still further the range of variation. These measu- 
rements indicate that under favourable conditions visual estimates of width 
can be used to compare the specific ionization of tracks on the same film with 
an error of the order of 20 per cent. 


Fig. 6. 


Attempts to improve on this accuracy using a photometric method of width 
estimation have not so far proved very successful. Fig. 6 shows traces of the 
photometric current obtained when a small slit of width about one twentieth 
of the track width was used to scan across different portions of the track for 
which visual width estimates are given in Table I. 


TABLE I. 
Distance along (relative, Distance along (relative, 
track (cm) — mean Y= 1) track (em) mean -Y= 1) 

0 0.86 6 0.97 
1 0.84 7 0.96 
2 1.04 8 0.97 
3 1.09 9 0.89 
4 1.12 10 1.09 
5 1.21 


On each trace the upper dotted line represents the width as observed vi- 
sually. Given the background irregularities it is difficult to see how much im- 


to 
i 
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provement on visual width measurements can be obtained without a big im- 
provement in technique. 

As our conditions of illumination, expansion and photography are not yet 
sufficiently reproducible the accuracy obtainable in specific ionization deter- 
minations by width measurements comparing tracks on different films is likely 
to be considerably poorer than the estimate of twenty per cent for tracks on 
the same film. 


3. — Analysis of stopped particles. 


Fig. 7 shows a histogram of the masses of particles which stop in the chamber 
without producing any visible decay. Twenty-two particles are included in 
the histogram. The masses were obtained using measurements of multiple 
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HISTOGRAM OF THE MASSES OF STOPPED PARTICLES 
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Variable cell lengths were employed in the 


scattering and residual range. 
dapted from that used in nuclear 


\multiple scattering analysis using a technique a 
| emulsion work by the Brussels and Bombay groups and their collaborators. 
The histogram is plotted according to the normal procedure on a ear 
seale, assigning an equal area to each particle between its upper eae ae 
(limits of mass. Twenty particles are contained in the Fogli group which pro- 
\bably consists mainly of protons. The two particles in the lower group are 


‘no doubt L-mesons. 
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4. Applications of analysis techniques. 


Fig. 8 shows a typical V°. From multiple scattering both arms give 
pp = 150 MeV/c. On the assumption that the event is a A°-decay Q= (52+?°) MeV. 
The particle passing across 
the centre of the chamber 
is presumably the proton 


7A 


because of the larger num- 
ber of $-rays. The event 
could hardly be a 0°-decay 
since this assumption would 
give a ( of about 10 MeV. 

The interpretation of 
Fig. 9 is more certain be- 
cause the source of the V® 
can be determined in the 
matter above the chamber 
from the paths of the ac- 
companying shower parti- 
cles. Itis consistent with its 
interpretation as a A° with 
a Q-value of (431?) MeV. 

Fig. 10 shows an example of two V’s produced in the same shower the 
source of which can be rather accurately defined to within about 1mm in 
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pace. The plane of both V arms is coplanar with this source to within better 
Hy Os; ay } de ‘ 5 : ; 
than 1° and the dihedral angle between their two planes is approximately 70° 


Fig. 10. 


proton would then have been stopped 
10 em of both V arms is visible. The 
based on track width conside- 


| The upper V cannot be a A® since the 
i in less than 5 cm whereas more than 
I Jower V has only short arms but arguments 


| rations indicate that it is consistent with a A°-decay. 
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Fic. 11 shows a V° event associated with a star produced in the gas of 
the chamber. The angle between the arms of the V is 88°. Since the projection 


of arm a on the film is very nearly parallel to the line joining the lenses of 
the camera it is difficult to determine the orientation of this arm in space 
and coplanarity of the plane of the V arms with the origin of the star can 
only be established to within 10°, There are however no other obvious origins 
of the V°. Considerations of angles rule out the interprteation of the event as 
a A°, for in that case the arm a would have been the proton and would have 
stopped in 1.5 em of the chamber gas. Actually it passes out of the illumination 
after 6 cm. Multiple scattering measurements give pf°s of 300 MeV/e and 
200 MeV/e for the two arms. It is difficult to gauge the accuracy of these 
results as the scattering is very small. However the transverse momenta are 
205 and 175 MeV/c respectively and check satisfactorily; and the Q-value on 
the assumption of a 0°-decay comes to be (200*59) MeV. The most one can 
say is that the event is not a F° but is consistent with a 0°-decay. It is an 
interesting event because the V° particle comes from a star with a neutral 
primary. 

Fig. 12 shows a 23 prong star evidently arising from the break-up of an 
argon nucleus. 

Fig. 13 shows the decay of a stopped particle in which an electron of 
energy (3.9 + 0.9) MeV (as determined by multiple scattering) is emitted. A 
measurement of the mass of the primary particle using multiple scattering 
and residual range gives M= (40077) m,. It is therefore probably a u-e-decay. 
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Fig. 13. 


Fig. 14 shows an event that presents some puzzling features. The incident 


particle a has a pp of 80 MeV/e and is not deviated at the event. The particle b 
id have a range of only 


inas a pf of 24 MeV/c. Since a x-mesou of this pf wou 
6 em in the chamber it is safe to assume that b is the track of an electron. 
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Particle ¢ is too short to yield a good estimate of pf. But a rough estimate 
gave pf =18 MeV/c for it. If ¢ is an electron this would mean that the 
incident particle is unlikely to have been an electron because it would have 
given up one third of its energy at O and there is no evidence of any deviation 


—-0 


or loss of an appreciable fraction of its energy there. Particle ¢ does not look 
like a minimum ionization track because it is so broad. But this cannot be 
ruled out because it is dipping sharply and there is marked foreshortening 
(the angle between the direction of the track and the line joining O to the 
pole of the lens is about 36°.) Also it is near one window where the illumi- 
nation is greatets.. It is probably, therefore, but not certainly, an electron, 
in which case the event is an electron pair produced by a charged particle. 

But there are two difficulties about this interpretation. If a is not an 
electron but a 7-meson, say, the chance that in our 5000 photographs we 
would have observed an electron pair of any kind produced by such. a part- 
icle is less than one per cent. Furthermore the angles between the members 
of the pair and the incident particle are respectively 18° and 45° while the 
most probable value of these angles for a pair of this energy is of the order 
of one or two degrees. If the incident particle were actually an electron we 
would still be faced with this difficulty. 

Fig. 15 shows another event that we have not been able to identify defi- 
nitely. A fast particle evidently produces a two prong star one of the prongs 
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of which produces another event after which two tracks are seen, one of them 
moving in practically the same direction as the star fragment prior to the 
second event. Owing to the part of the chamber in which the second event 
occurs it is partly obscured in the second frame. 


At present the main disadvantage of the high pressure cloud chamber arises 
‘from its leng recycling time. We are planning to incorporate over compression 
in the cycle in an attempt to reduce the recycling time. The future usefulness 
of the high pressure cloud chamber as a tool either in cosmic ray investigations 
‘or for use with high energy accelerators depends very largely on whether this 


recycling time can be reduced. 
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Introduction. 


The first report of a non-protonic or V} type of neutral particle decay was 
given by the Manchester group [1] operating the BLACKETT electromagnet [2] 
at the Pic du Midi. These authors found two or possibly three V° decays in which 
ionization and momentum estimates on the positive fragment indicated an 
upper limit of mass less than the proton mass. The negative track in all cases 
was at minimum ionization and too short for identification or measurement. 

Contemporaneously with the work of the Manchester group, the Indiana 
group [3] observed a V°-decay (event no. 50) in which the positive fragment, 
although at minimum ionization, had a momentum of (0.27 + 0.03) GeV/e, 
and thus could not be much heavier than an L-meson. The negative fragment, 
also at minimum ionization, had a momentum in the neighborhood of 1.3 GeV/¢ 
so that the upper mass limit was too high to be informative; thus the nega- 
tive fragment was not identified. The Q-value was computed for two body 
decay and for various assumptions as to the unidentified negative fragment. 
The simplest possibility, of which all groups were well aware, was that the 
negative fragment be a well known particle, namely a pion or muon. The 
(Q(z, 7) value, in the neighborhood of 230 MeV (see Table TV below), appeared 
very high at the time, 

The dynamic implications of the assumption that both fragments were 
L-mesons were first stressed by ARMENTEROS et al. [4]. Among twenty-nine 
measurable V°-events, these observers found five events with heavily ionizing 
proton secondary (V?). The mean value of « for four of these was - 0.60. 


(*) The present work has been assisted by the Office of Ordnance Research and 
by grant of the Frederick Gardner Cottrell Fund of the Research Corporation. 
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The Q(p, 7) values ranged from (29 + 5) to (82 - 20) MeV and corresponded 
to a mean p'(p, x) of (1.1 + 0.1)-108 eV/c. On the other hand, there were 
three events in which the upper mass limit on both secondaries was less than 
the proton mass (V%). It was therefore assumed that both fragments were 
pions or muons. The mean value of x for the three events was 0.08. Dhe'Q (7, 75) 
values were (74-15), (116-45), and (135+25) MeV; and the corresponding mean 
value of p’(x, x) was (1.40 + 0.15)-10* eV/c. These authors made use of a 
| procedure, developed by PODOLANSKI and ARMENTEROS, to classify the remain- 
ing twenty-one measurable events as either Vj or VS. This procedure com- 
Ce the following steps: 


1) A preliminary classification was made by comparison of the computed 
x-values for each event with the mean experimental values given above for 
| the two schemes V° and V3. The x distribution was plotted against 1/p. 


| 2) The preliminary classification was checked by examination of the 
individual p, values. For example, if x > «a, then p, = p', ete. 


3) Finally, the p, distributions for the two groups were separately com- 
pared to the distributions expected for isotropic decay and the adjusted 
value of p’. 


The data presented by these authors were not inconsistent with the hypoth- 
esis of V?-decay into two L-mesons (Q ~ 120 MeV), although the data did 
not specifically support this hypothesis in preference to others. Unfortunately, 
it was later shown that the experimental measurements on which this analysis 
was based were in error, and the measurements were withdrawn and revised. 
The V} events which did not require revision would, in the light of our present 
knowledge, be classified as examples of the so-called « anomalous » decays. 

The problem of identifying the decay fragments of the Vi group was greatly 
complicated by the discovery of the various charged K-mesons and reports 
of the existence of a charged %-meson. It was no longer possible to assume that 
the positive fragment was « probably » a proton if % >0; or that both frag- 
1 ments were L-mesons if the upper mass limit on the positive fragment was 
i Jess than the proton mass. In fact, the literature contained, and still contains, 
| reports of various fragment masses ranging from 500 to L20011, 

It has turned out that what was needed was more attention to the «mere 
technical question » of the quality of the measurements. During the last two 
years, the situation has considerably tightened in this respect. At present, 
all observers are in substantial agreement that the non-protonic or V, group 
is itself complex. It appears to be well established that the main component 
is the 0°-meson; but in addition there is convincing evidence for the so-called 
anomalous events, and preliminary indication for at least one or two other 


types. 
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The first firm evidence for the existence of the 0°-meson in the Vs group 
was obtained in the Indiana laboratory [5]. Confirmatory evidence has been 
reported by BARKER [6], VAN Lint [7], CowAn and KADYK [8], FRETTER 
and FRIESEN [9], BRIDGE et al. [10], DAvron and WILLARD [11], YASIN [12], 
Dr Corato et al. [13], HIRSCHBERG [14], and others. The present paper is 
intended, on this centennial anniversary of the Nwovo Cimento, to provide a 
more detailed description of the status of the Indiana work than has been 
heretofore published. Detailed comparison with the work of other labora- 
tories has been given elsewhere [15], and so will be omitted here in the interest 
of brevity. 


1. — Apparatus. 


Top and side views of the apparatus are shown in Fig. 1 and Fig. 2, res- 
pectively. 


11. The electromagnet. - The iron yoke comprises two U-shaped castings, 
X and Y, the solid pole piece S, and the hollow pole piece H. The total weight 
of iron is about 11000 lbs. 

The castings X and Y are of annealed low carbon steel of constant cross- 
sectional area 6 in. x 264 in. When clamped together, as in Fig. 1, by four draw 
studs D, they form a rectangular frame whose outside width and length are 
70 in. and 60 in., respectively. The yoke is supported with its center of gravity 
65 in. above the floor by a suitable structural steel frame. The front half of 
the yoke Y is stationary on this frame; the back half X rests on needle-bearing 
flanged castors so that it can be rolled back for access to the chamber, ete. 

The pole pieces S and H have constant outside cross-sectional area 184 in. 
wide and 261 in. high. The edges parallel to the field are chamfered to provide 
clearance for the coils. 

The solid pole piece S is machined from a mild steel forging and is bolted 
to the back half-yoke X with cap screws. There are two 6,3; in. diameter holes 
E bored through the resultant assembly for expansion of the chamber. There 
are also fur 11/16 in, diameter holes for support of the chamber and ten 1 in 
diameter holes for adjustment of the expansion ratio, 

The hollow pole piece H is fabricated in four pieces, each machined from 
forgings and bolted together with Allen-head cap screws. The resultant as- 
sembly is bolted to the front half-yoke Y. The wedge shaped hole ©, for 
stereoscopic photography, has constant width of 11 in., half angle of 20°, and 
height 5 in. at the camera end. 

The coil assembly on each pole piece comprises five copper pancakes P, 
four water cooled copper fins /, and two water cooled end plates M and J. 
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Fig. 1. Top view of the magnet chamber. 


The total number of turns is 850, the total series resistance of the winding 


is 0.410 at 50 °C, and the total weight of conductor is about 6500 Ibs. 

The pancakes are rectangular, of outside dimensions approximately 
42 in.x 50 in. and inside dimensions to clear the pole pieces by about 3/8 in. 
The conductor is 2 in. by 0.1 in. copper bar with 1/64 in. edge radius, helically 
wrapped whit unvarnished type ECC-B Fiberglas continuous filament tape 13 in. 
wide and 5 mil. thick. Each pancake has 85 turns and a resistance of 0.041 (©) 
at 50 0C. The pancakes were impregnated with Sterling M-472 Thermobond 
varnish and baked by passage of current to form durable, rigid units. To 
insure intimate thermal contact with the cooling fins and end plates, additional 
rnish were applied to the faces, after sanding, 80 as to obtain a 


coats of va 
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dense flat surface. The pancakes are centered on the pole pieces by 3/8 in. 
thick textolite spacers. 

The cooling fins F are sawed from 3/8 in. annealed copper plate with outside 
dimensions approximately those of the pancakes. Each fin has three equally 
spaced a turns of 3/8 in. copper tubing flattened and soft-soldered into grooves 
3/16 in. deep and 1/2 in. wide. The cooling fins rest directly on the pole pieces. 
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Fig. 2. — Side view of the magnet chamber. 


The end plates M and J are sawed from 5/8 in. Muntz metal plate and 

5/8 in. steel plate, respectively. The external faces have four equally spaced 

i turns of 3/3 in. copper tubing flattened and soft-soldered to the surface. The 

internal faces of the end plates and the faces of the cooling fins are covered 
with 10 mil flexible mica laminate. 

The coil assemblies are clamped to the bronze end plates M (which are 
bolted to the pole pieces) by studs around the outer periphery and by jack 
screws around the inner periphery of the end plates 7. Note that the end 
plate M on the hollow pole piece is attached to an intermediate dural ring so 
that the conductor overhangs the iron pole tip. 

The water cooling tubes in the fins and on the end plates are grouped to 
form 28 separate cooling circuits, each with a valve to set the flow and a flow 
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switch interlock with the magnet generator. The 28 circuits are connected 
in parallel to a commercial pressure regulator which is in turn connected to 

| the Bloomington water mains. The cooling water is discharged into the Jordan 

| River, fortuitously proximate to the laboratory; by this arrangement, the 

i sewage charges, normally more than 50%, of the water bill, are circumvented. 
Ba The ten pancakes are connected in two series circuits in the order (1, 3, Dy (ane) 
and (2, 4, 6, 8, 10), the polarity of the even set being reversible with a D.P.D.T. 
switch for routine tests of chamber distortions. The two groups of five pancakes 
each are connected in series to a 125 V, 50 kW motor-generator set. 
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Fig. 3. — Magnetic field versus magnet current. 


The field at the center of the illuminated volume as a function of magnet 
current is shown in Fig. 3. In view of the limitation of available power, the 
experiment has been carried out at a magnet current in the neighborhood of 
315 A (130 V, 40kW), at which current the field can be expressed by the 
relation 

H=2955 +11.26-7. 


The uniformity of the field is shown in Fig. 4, which is an isometric chart 
of the field components in one quadrant of the illuminated volume. All numbers 
given are in percent of the z-component of field at the center of the illuminated 
volume (7 =y—=2=0). The large numbers refer to the 2-component of the 
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field. The small numbers (in parentheses) to the right and above the z-com- 
ponents in the plane 2 = 0 are the #- and y-components, respectively. 
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Fig. 4. — Isometric chart of the field components. 


The ripple in the magnet current has been examined oscillographically, 
by means of a specially constructed non-inductive shunt, and found to have 
a peak to peak value less than 0.2%. 


1°2. The cloud chamber and accessories. — The cloud chamber comprises 
the raum R, the front window G, the holey plate V, and the expansion back B. 

The raum #, of inside dimensions 13 3 in. wide, 7 2 in. deep, and 24 3 in. 
high, is fabricated from 3 in brass plate with silver-soldered joints at the corners. 
It has plate glass windows A at both sides for illumination. 

The front window G is of high quality 1 in plate glass, with an accurately 
ruled reticule of fine (0.002 in. width) lines on the inner surface. In the earlier 
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photographs, this reticule was in the form of an H; more recently, a 5 cm by 
10 cm lattice has been used (*). A precision-made reticule of this ty pe has 
a number of functions. For example, it provides a permanent record Of overall 
optical and film distortions in each photograph. Also, it provides an accurate 
coordinate frame for stereoscopic reprojection or reconstruction. 

The holey plate V, of }in brass, is covered with thick black velvet of 
high acoustic impedance. The holey plate is rigidly mounted in the rear of 
the raum and sealed thereto so as to prevent escape of gas around the edges 
during expansion. | 

The expansion back B is of the type in which a flexible rubber diaphragm 
(1/32 in. neoprene) moves between rigid stops. The front stop 7 is tin, thick 
and is fixed in position. The back stop U is 3/8 in. thick and its support is 
distributed over ten studs Z which are accessible from the back of the yoke X 
for adjustment of the expansion ratio. Both stops are of steel; the front stop 7° 
is heavily plated with copper since it is part of the active volume of the chamber. 

There is a dead space of 11/16 in. between the holey plate V and the front 
stop 7 to assist in equalization of transverse differences of pressure during 


expansion. 
The chamber is filled with argon to a total compressed pressure of 100 cm Hg, 


and is operated «dry» with ethyl alcohol and water in the ratio 70:30. 
Visual observation is made every twelve hours, and liquid is added as needed 
(about 0.5 cem? per twelve hours) to replace that lost by diffusion through 
the rubber diaphragm. On the average, the expansion ratio requires adjust- 
ment once a month or less. 

Expansion of the chamber 
the two exhaust holes E provi 


is achieved by release of compressed air through 
ded in the solid pole S and the back half yoke X. 
The two rapid exhaust valves N, with 5in port each, are opened with a 
60 A pulse through triggering coils of the type introduced by NAGEOTTE and 
LEPRINCE-RINGUET. Tests have shown that the opening time of the valves 
(4ms for 7 mm) is essentially limited by mechanical inertia, so that simul- 
taneous opening of the two valves is insured by series operation of the trig- 
gering coils. The holding solenoids are wound for parallel operation with a 
total current of 500 mA at 110 V, supplied by a small selenium rectifier and 
a 1A variac. The holding current is not interrupted during expansion, 
The chamber is completely surrounded by a heavy copper thermal jacket Q. 
The front window @ is protected from drafts by @ hollow wedge © of 3 in. 
iron plate, insulated from the hollow pole, and forming an integral part of the 
thermal] jacket. The side windows K are similarly protected by storm win- 


(*) We are indebted to D. W. MANN, of Lincoln, Mass., for the high quality of optical 


| workmanship in the new reticule. 
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dows W with 3in dead air space. The back of the jacket igs a } in. iron plate 
which is thermally insulated from the solid pole S of the magnet. 

Several hundred feet of flattened 2 in, copper tubing are sweated to the 
outside surface of the jacket. The tubes are grouped in eleven separate cir- 
cuits which are operated in parallel. Distilled water, thermostated to 40.02 °C 
in a 30 gal. earthenware crock, is circulated around the jacket at a rate of 
30 gal. per min by a + HP centrifugal pump. 


1°3. Photography. — The chamber is illuminated through both side win- 
dows K by flash tubes J (each with 600 uF at 1800 V) and cylindrical con- 
densing lenses A of lucite. The light flash delay is 60 ms after the start of 
the expansion. 

The chamber is photographed through the wedge shaped hole C by three 
75mm Eastman Enlarging Ektars L at f/11. The total stereoscopic angle 
is 21.69. A volume 11 in, wide, 5 in. deep, and 22 in. high at the central plane 
is photographed on a negative 1 3, in. by 2 3 in. Unperforated 35 mm East- 
man Linagraph Pan film is used with twenty minute development in D-19. 

The overall optical distortions of the system, as shown by numerous com- 
parator measurements of the reticule line images, correspond to space radii 
of curvature of the order of 0.7 km or more. Thus, no corrections for optical 
distortions are necessary. 

The width of the stereoscopic image of the reticule is measured in every 
reprojection and is found to be correct to the order of 0.1%. Thus, the 
illuminated space of the chamber 
is not appreciably distorted in 
the process of stereoscopic photo- 
graphy. 
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0.01 3 
0.00 pee ee iS 1°4. Gas distortions. — No field 
tracks are taken with the polarity 
pa of the even set of pancakes re- 
Cani versed so that thermal conditions 


o R-82 NO FIELD FILM 
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are identical to those existing 
when the field is on. The cham- 
ber is of the rubber diaphragm 
type, with exhaust valves located 
well outside the iron yoke. Thus, 
there is no question of a difference 


(e) 
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O 5 10 15 2025 30 35 40 45 50 55 60 Fig. 5. — Comparator plots of no 
X mm field tracks. 
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of conditions, for example, due to the absence of eddy current forces on a 
metal piston. The test tracks are those of u-mesons with range > 42 in. of 
lead. 

Examples of no field tracks with varying degrees of distortion are shown 
in the comparator plots of Fig. 5. Note that the ordinate is greatly expanded; 
whereas the abscissa indicates mm on the film, each division on the ordinate 
is 10 um on the film. The inter- 


mediate example (with 9 = 242m 

radius of curvature in space) is | ++ Probable Error 43 Km”! 

more or less typical of the perfor- | Ò (p= 230m) 

mance of this chamber. The exam- | OD 

ples at the top and bottom (with | 

o =116 and 447 m, respectively) O 2 

are approximately a factor two | O Oc 

worse and better, respectively, OO ow? Omer 

than the mean. SES & Se Cae eer 
Pd ey 
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Fig. 6 shows a representative 
Curvature in Space in Reclprocal Kilometers 


distribution of no field track cur- 

vatures. The center of gravity of Fig. 6. — Distribution of no field track 
the distribution is slightly displaced COIN ALEOR- 

from zero, indicating a small syste- 

matic distortion. The spread about the mean corresponds to a maximum de- 
tectable momentum of 5-10! eV/e, the highest which has been obtained 
with magnetic Wilson chamber. 

The example of Fig. 5 and the distribution of Fig. 6 refer to test tracks 
which traverse the full illuminated height of the chamber. For shorter tracks, 
‘the percentage error is taken inversely as the track length. Thus, the pro- 
bable error due to gas distortion for a 22 in. track of 1 GeV/c is 2%; whereas 
for an 11in. track of the same momentum, it is 4%. 


2. — Reduction of the data. 


d angles comprises comparator measurement 
n of the film curvatures and angles, stereo- 
f the film data to space. The last two 


I The reduction of momenta an 
jon the film, least squares computatio 
scopic reprojection, and conversion 0 
steps are closely related and will be discussed together. 


_ The comparator used is a 
of 80 mm and 60 mm, respect- 
The w-ways have been checked 
m. The microscope originally 


91. Comparator measurements on the film. 
Gaertner instrument with w- and y-traversals 
ively. Both heads are graduated to 1 ym. 
‘and found to be straight to the order of 0.5 u 
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supplied with the instrument has been replaced with a Bausch and Lomb bino- 
cular head equipped with a triple nosepiece. The measurements are normally 
taken at a magnification of 20x. 

The negative on which the event is most favorably disposed is mounted 
between glass plates on the comparator stage. The stage is rotated until one 
of the tracks, generally the one appearing to exhibit the lesser deflection, is 
in approximate alignment with the x-axis. The y-coordinates are then read 
at an odd number of equally spaced values of x (usually every 1 or 2mm on 
the film). The angular position of the stage and the x-coordinate of the apex 
are also recorded. 

The resulting data are plotted and the plot is examined for abnormalities 
such as unusual scatter in the y-settings, small angular deflections, etc. In 
the measurement of tracks occurring in a dense shower, the curvature plot 
is an excellent means of checking that the observer has managed to stay on 
the same track throughout. 

If the sagitta of the track image corresponds to a space sagitta of 0.6 mm 
or more, the track is said to be measurable and is accepted for analysis. A 
rough value of the film radius of curvature may be calculated from the sagitta 
formula 


(1) 0=32.: 


The stage is then rotated until the other track is aligned, and the proce- 
dure is repeated. The entire procedure is then repeated for at least one other 
view. 

One of the main advantages of the comparator method is that a high degree 
of objectivity may be attained. Some of the precautions taken in this con- 
nection are as follows: 


1) In all cases, readings to the edge of the frame are taken and used (*). 


2) Before each setting, the cross hair is backed off the track. The y-dial 
does not have a crank, since this provides the operator with a « memory » of 
his previous setting. 


3) Settings in the vicinity of a second track are avoided unless the two 
tracks are completely resolved and distinct (+). Readings in the vicinity of 
the apex of a narrow angle V are discontinued well before the tracks coalesce. 


(*) The practice of discarding a variable length of «hook» at the end of a track is 


apt to introduce large subjective errors. 


(+) The resulting gaps are usually filled by interpolation so that the simplified least 


squares formulas can be used in the standard way. 


tà 
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4) Although the comparator measurements could possibly be entrusted 
to a capable technician, in the present work they are made by the physicists 
concerned with the analysis of the event. 


22. Computation of the film curvatures and angles. — The film curvatures 
and angles are computed from the comparator data by a simplified least squares 
method. There are several reasons why the method of least squares is pre- 
perce: 


1) The least squares curvature has a simple meaning as a weighted mean 
curvature. It is, in fact, the mean value of the curvatures calculated from 
the observed points taken three at a time, in all possible combinations, each 
being weighted as the square of the area of the inscribed triangle. 


2) The distribution of least squares curvature errors, due to gas distort- 
ions, is given rigorously by the distribution of least squares curvature of no 
field tracks. 


3) Least squares treatment of the comparator data is completely objective 
The calculations can be done by a computer or with a machine. 


4) The least squares method of curvature reduction is unaffected by 
the presence of cubic terms in the series expansion of the track image. It is 
readily shown that the coefficient of the quadratic term deduced by adjustment 
of a third degree polynomial is identical to that obtained by adjustment of 
a second degree polynomial, provided that Sa, = ba =0. 


5) Finally, the method of least squares is preferred because of its well- 
known significance in the theory of estimation. 
The least squares radius of curvature 0 is defined by 


SE 


(2) = 
where ec is derived from least squares adjustment of a parabola 


(3) y =a -+ ba + ea’, 


The simplified formulas and tables which 
are applicable when #; = i (an integer) = — M, ...,0, .»; tm are given else- 
where [16]. The labor involved in an individual case is essentially that of 
computing the sums ya? and D'y;. The degree of track alignment neces 
sary to insure that o so calculated is independent of alignment is very easily 


attained. 


to the measured points (a, yi): 


298 R. W. THOMPSON, J. R, BURWELL and R. W. HUGGETT 


The determination of a film angle 0, involves computation, for both V tracks, 
of the slope of the least squares parabola at the decay apex. Thus from eq. (3) 


Yy'(%) = b + 20%; 


where x, is the x-coordinate of the apex. The constant 6 is the slope at r=0, 
hence is small compared to 2ca, if the track is approximately aligned. The 
least squares value of d is given by 


pede 
= 


and requires computation of Y y;i. The film angle between the tracks at the 
decay apex is then given by 


(4) 0,= 0, +[aretg y’, (2) + arctg y_ (%)], 


where 0, is the angle of rotation of the comparator stage. The positive sign 
is used when the V is convex and vice versa. 

The presence of cubic terms in the series expansion of the track image is 
not taken into account in the determination of 6, just described. The neces- 
sary correction has been computed and found to be negligible in most, but 
not all, cases. 


2°3. Reprojection and conversion to space. — The spatial orientation of 
the tracks is determined by stereoscopic reprojection with the original nega- 
tive repositioned in the original camera. The reprojection screen is a circular 
ground glass plate mounted in a head with three angular degrees of freedom 
(Buler’s angles), each of which is graduated to 0.59. The entire reprojection 
head can be translated in the e-direction, for determination of depth. The 
v- and y-adjustments are made by translation of the camera with respect to 
the base of the instrument, 

The screen settings are made with the aid of a sector shutter placed in 
front of the camera lenses so that the two views are alternated on the screen 
at a frequency of 7.5 Hz. Adjustment is made to eliminate the vibration 
of about 1 em of track at each setting. For best results, the y-positioning of 
the film in the camera should be made so that there is no discernible residual 
vibration in the vertical direction. The reprojection of horizontal tracks is 
no more difficult than that of vertical tracks, once the ionization pattern has 
been brought into approximate coincidence. 

The advantageous sensitivity of the null vibration method is indicated 
in the histogram of z-settings shown in Fig. 7. The probable error of an indi- 
vidual 2-determination on 1 em length of track is 0.19 mm. 


THE §°-wESON 299 


The reprojection proce- 
dure and the conversion 
of film curvatures and an- 25 
rles to space is simplified 
by the fact that the torsion 
of almost all tracks encoun- 
tered in this experiment 
may be neglected, i.e. the 
tracks may be considered to 
be plane curves. Consider 10 
n orthogonal coordinate 
ystem with origin at the 
rack center and É, n, € axes 
along the tangent, normal, 


20 


15 


NUMBER OF SETTINGS 


nd binormal, respectively. AG) orsi Diy 202. 00 92 1004 40560. 0.6 
he é-coordinate then mea- 


Z IN mm 
ures the deviation of the Fig. 7. — Reproducibility of depth setting in re- 
rack from the osculating projection. 


lane at the track center. 
A convenient criterion for flatness is the ratio ¢/n, which as is readily veri- 
ed, is given to sufficient accuracy by the expression 

È E 


(5) n  30,tg a’ 


here o, is the radius of curvature in space (*) and «is the angle of the helix. 
t may be shown that for a chamber of 5 in. illuminated depth and field of 
000 gauss, the ratio Z/n is less than 1%, for all tracks of momentum greater 
han 0.5 GeV/c, regardless of their length and orientation. For tracks of lower 
omentum and correspondingly higher curvature, one could in principle re- 
btrict the length of track analyzed in order to satisfy the criterion. However, 
in practice, the tracks are usually too short rather than too long. 

For curvatures, the basic idea underlying the reprojection procedure and 
he conversion to space is illustrated by the formula 
Re: (= ) sin I 
m\sin #} sin C 


(6) 0; 


here 0, = space radius of curvature, 


o, = film radius of curvature, 


(*) 0, is related to the radius a of the cylinder of the helix by the equation 9,=4@ csc2a. 
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m = demagnification at center of track image, 

fp = angle between the tangent and OL, 

B = angle between the projection of the tangent and OL, 
y = angle between the sagitta and OL, 

C = angle between the projection of the sagitta and OL, 


ò = angle between the projection of the sagitta and the projection 
of the tangent. 


The last five quantities are angles with apex at the track center in space. 
OL is the ray from the track center to the lens center. The tangent and sagitta 
referred to are the space tangent and space normal at the track center, respec- 
tively. The projections referred to are with respect to the lens center and a 
hypothetical plane in space containing the track center and parallel to the 
film plane. 

The very simple geometric significance of eq. (6) is brought out in the fol. 
lowing derivation. Let a short line segment ds at 0 be photographed at de- 
magnification m by a lens at L. Let the angle between ds and OL be e, and 
let the angle between the projection of ds on the film plane and OL be E. 
Then the image of ds has length df, given by 


sin € 
sin E 


— 
=] 
_ 


dj. =m dsc 

Eq. (6) now results if, in the sagitta formula, eq. (7) is applied separately to 
the chord and to the sagitta. The factor sin ò takes into account the fact 
that the projections of the tangent and the sagitta will not be perpendicular 
in general. In applying the sagitta formula to 0,, the component of the pro- 
Jection of the sagitta perpendicular to the projection of the tangent must 
be used. 

This derivation provides rigorous justification of eq. (6) only in the limit 
l,Ju > 0, where J, is the space length of track and w is the object distance. 
However, detailed calculations of the necessary corrections indicate that the 
error resulting from application of eq. (6) to the simplified least squares radius 
of curvature is negligible in practically all cases encountered in the present 
experiment. 

As to angles, the reprojection and conversion to space is based on the 
equation. 


(8) cos 0; = cos B,(+) cos pel) + 


sin Bo(-++) sin Bo(—) 


sin B,(+) sin B,(—) [cos 9, — cos B,(+) cos By(—)] , 


EE I I 
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where — 0, — space angle between tracks, 
0, — film angle between tracks, 


Bo(+) = angle between the tangent and AL, 


SD 
o 
| 


angle between the projection of the tangent and AL. 


| The last four quantities are angles with apex at the decay apex in space. 
AL is the ray from the decay apex to the lens center. The tangent referred 
to is the space tangent to the appropriate track at the decay Di The pro- 
jection referred to is with respect to the lens center and a hypothetical plane 
in space containing the decay apex and parallel to the film plane. 

The actual reprojection procedure for each track and view comprises five 
operations, which may be understood by reference to eq. (6) and eq. (8). 


1) The stereoscopic image of the reticule is located and its size and 
position are recorded as an overall check on the procedure. 


2) The position of the track is recorded for computation of the mean field. 


3) The screen is set to coincide with the osculating plane of the track; 
and 4, f, y, and f, are directly measured. 


4) The screen is set parallel to the film and so as to contain the track 
center; 6, B, C and the width of the reticule image are directly measured. The 
last quantity, together with the known width of the reticule image on the 
film (the latter is measured once and for all), gives the demagnification at 


the track center. 


5) With the screen set parallel to the film, it is adjusted to contain the 
decay apex and B, is directly measured. 


The procedure is then repeated for the other track. The entire procedure 
is then repeated for at least one other view. 

In order to test the reduction procedures, an overall check was made by 
photographing a dummy track and dummy angle at oblique orientation. 

Table I illustrates the results of a curvature test, in which a dummy track (*) 


was photographed behind a duplicate front glass plate with one of the two 
graph the chamber. The films 


stereoscopic cameras which are used to photo 
The least squares film radii 


were developed and measured in the comparator. 
of curvature for the three views are given in column 1. 


as constructed with B. GRÉGoRY n the summer of 
t test and a slight 


sheet on which the 


(*) The dummy track used w 
1948 for similar purposes. The track was remeasured for the presen 
change of curvature found was attributed to warping of the plastic 


track was engraved. 
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TapLe I. — Curvature reduction test. 

Stereo- 0; | 0;lm | | | Qs | 
scopic |mm on m ~ | comm [Simian EA E? | C | 6 cm in , 
view | film | space | | | | space | 
| una 3 = = im “| | | 
Right 66.31 | 0.1096 | 60.52 | 60.1° | 76.8° | 81.0° | 89.0° | 85.6° 75.2. | 
a | Te | | 
il | | 

Central 60.95 | 0.1099 |. 55.48 | 56.1° | 76.99 | 89.50 | 89.6° | 89.00 76.4 

| Left 56.17 | 0.1067 | 52.62 | 53.30 | 77.50 | 90.4° | 90.4° | 82.00 | 76.2 

| i | | 

Mean 6, = 75.9 

Actual 9, = 75.6 | 


The films were repositioned in the same camera and reprojected to de- 
termine the space orientation of the track. Column 2 gives the measured de- 
magnification at the track center and column 3 gives the quotient of column 1 
by column 2. The radii in column 3 may be thought of as projections of 0, 
in the sense defined under eq. (6). The next five columns give the five angles 
defined under eq. (6) which are measured in the reprojection (*). The last 
column gives the computed space radii of curvature. Note that the radii in 
column 3 exhibit considerable variation both with respect to each other and 
with respect to the actual value of o0,. However, the projective corrections 
leading from column 3 to column 9 remove this variation and bring the re- 
sults from the three views into close agreement with the actual value of 0,. 

Similarly, Table TI gives the results of an angle reduction test. 


| alae Wea Wa eevee ues | i ee 

| Right 21.989 | 86,00 82.50 96.80 83.00 24.620 | 
Central 19.680 | 83.00 | 82.450 | 97.50 82.70 | 24.530 | 
Left 16.78° | sos | 8260 | 97.90 82.80 | 24.519 


Mean 6, = 24.550 
Actual 0, = 24.540 


| 


(*) These angles are not all independent; however, our experience has been that 
it is easier to measure 6, for example, than to compute it. sin 0 is invariably near unity, 
so that it may be neglected in almost all cases. 
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Column 1 gives the film angles for the three views. The next four co- 
lumns give the angles 8,(+) and B,(+-) defined under eq. (8) which are mea- 
sured in the reprojection. The last column gives the space angles computed 
separately from the three views. Note that although the film angles in co- 
lumn 1 exhibit considerable variation, etc., the projective Corteetions lead- 
ing to column 6 bring the results into close agreement with each other and 
with the actual value of the space angle. 

The fragment momenta are calculated from the equation 


ui 300Ho, sim & . 


In a few cases, it has been found necessary to apply a correction of one or 
two percent to take into account the variation of direction of the field. 

Finally, the fragment momenta and the decay angle are corrected for the 
gas dilation. The correction for the momenta 


d dv 
(9) 3 sosta; 
p v 


where 1 + dv/v is the expansion ratio, is negligible in all but two or three 
cases. For the angles, the correction 


dv, 
(10) d (cos @,) = = cos a(-+) + cos? a(—)] cos §,— 2 cos «(-+) cos a(—)} 


must be applied in almost all cases. 


3. — Results. 


In approximately 600 days of operation, with various triggering systems, 
a total of 21100 stereoscopic photographs have been taken. The photographs 
are read on a flat white diffusing screen onto which the negatives are projected 
at 0.8 full size. The screen is viewed normally and also at grazing incidence 
(from the bottom of the chamber). All fast tracks are followed from one end 
to the other at grazing incidence. 

All unusual events found in the reading 
ation. The numbers of these are given in Table ILL 

In the process of film reading, vo-events in which both fr 
measurable (i.e. have space sagittae of 0.6 mm or more) are singled out for 
comparator work. Im borderline cases, the curvature is roughly estimated by 
comparison with curvature templates placed on the reading screen; however, 


are catalogued for further examin- 


agments may be 
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final decision as to acceptance or rejection for analysis is based on the compar- 
ator work. It is unlikely that many measurable events are classified as non- 
measurable during the reading process. In all, there are about 60 measurable 
V°-decays, of which about half are compatible with A°-decay. 


TaBLe III. — Classification of catalogued events. 
= = nn = ai e 

TotalEphoto gra pls I 21100 
PeneLravinsgshowersi(©) MER os. 6 9 5 5 6 | 4182 
VOM CECA Ss EA RT 230 
Anvular detections (7)™ Sie = 0) 105 
VESCEVENtS N neo ob boo Aun o © 38 
Cr'Vente (3) Gee Se ck seen irene eae 47 
Gi MOCAVS oe ce Gah > he eee Ce a a a 1 

(*) With three or more secondaries. 

(+) Includes z-v, scatterings, etc., in addition to V+. 

(*) Events which appear to involve the nuclei of the chamber gas, 
principally stars. 


When a V°-decay is found to be measurable, the reduction is carried out 
and the position of the event in the Q surface representation is determined. 
During the first half of the experiment, all measurable events were completely 
reduced. More recently, the reduction of events which fall on or near the 
A° surface has been carried out only to the point necessary to establish the 
approximate position of the event. 

The basic 0° data are given in Table IV. For the sake of comparison, three 
events observed in earlier work with the 12 in chamber [3 ] are included. The 
first and second columns give the directly measured fragment momenta (*) 
and the third column gives the included angle. The fourth, fifth and sixth 
columns give the computed values of x, p, and p, respectively. 

The data in Table IV provide some direct information about the nature 
of the decay fragments. In R-352, the positive fragment undergoes x-u-decay. 
The negative fragments in R-118 and R-267 are heavily ionizing and indicate 
masses in the ranges 220--310 m, and 210360 m,, respectively. The re- 
maining fragments are near minimum ionization and do not provide a direct 
mass estimate, although useful upper limits on the mass can be set in a few 
cases, for example the positive fragment of R-118 [5] and both fragments of 
R-553 [15]. However, since almost all of the fragments are too relativistic 


(*) In the case of R-352, which is of special interest since the positive fragment 
apparently undergoes 7-2 decay, the momentum of the negative fragment is only 
indirectly determined by completion of the vector triangle. 
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to permit a direct mass estimate, it is necessary to analyze these data by a 
method which does not depend on knowledge of the nature of the fragments. 

The present status of the evidence for, and the properties of, the 9°-megon 
is most easily understood in terms of the Q surface representation [5, 6]. 
The computed values of x, p, and p are plotted in a 3 dimensional @ surface 
model, stereoscopic photographs of which are shown in Fig. 8. It is seen 


300 


200 


100 


Fig. 8. — Q surface representation of the 0° data. The figure should be viewed stereo- 

scopically, at the normal viewing distance of 10 in., with the aid of a good mirror held 

normal to the page between the views. It is a pleasure to acknowledge the skilled work 

of Messrs. K. SEIRvIN and H. FRYE of the Indiana University Audio Visual Laboratory 
in the preparation of this figure. 


that, with the exception of four clearly anomalous Cases, the main group deli- 
neates a Q surface. The vertical semiaxis indicates a center of mass mo- 
mentum of the fragments a little above 200 MeV/c; «x is near zero, indicating 
equal, or nearly equal, fragment masses; and the eccentricity of the limiting 
(1/p > 0) cross-section indicates a parent mass just under 1000 me. The 
smooth curves for p=1, 2,3 and co GeV/c indicate the position of the 


theoretical Q surface given by the equation 


i (cc x) Py 
ARA PARIS eq 
ta (AM) +p) P° 
for the decay scheme 
(12) Qo > nt + n° + 214 MeV. 


The majority of the points are sufficiently close to the limiting plane 
1/p =0 that the increase in the x semi-axis for small p can be De: 
elected. The mean value of 9° momentum is about 3.0 GeV/c; the indi- 
Pedal values range from 0.7 to 9 GeV/c. The mean momentum corresponds to a 
0° velocity 6 = 0.987. Thus, the majority of cases may be accurately repre- 
sented on the 2 dimensional or Q curve plot (B =1), as shown in Fig. 9. The 
theoretical curve drawn is for the Q°-decay scheme as given in eq. (12). 
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The equation of the curve is given by eq. (11) with 1/p = 0. The few events 
for which f is appreciably less than unity are represented in this Q curve plot, 


200 a 


160, 


100 -- 


50/2 


là 


0 I I I ! _t 1 I 
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 


Fig. 9. — Q curve plot of the 0° data. 


after identification with the surface in Fig. 8, by the coordinates («’, p,), 
where a’ is given by 


The resulting position of the representative point in the Q curve plot is pre- 
cisely that arrived at after the representative point in the Q surface plot of 
Fig. 8 is slid along the surface of appropriate Q-value, at constant height p, 
above the (x, 1/p) plane, until it reaches the limiting plane 1/p = 0. 

The four anomalous cases are projected normally onto the plane 1/p = 0. 

The errors are shown in the form of oblique segments, each segment cor- 
responding to the partial effect of the error in one of the basic variables pi, 
p- and 0. For relativistic decays, the 6 segments are very nearly vertical. 
For reasonable track length, errors in 0 are relatively small and may be neg- 
lected. The resultant uncertainties, assuming dp, and dp_ are independent (*), 
correspond to ellipses, the sizes, eccentricities and orientations of which vary 
considerably from event to event. 

It as been shown by ADAMS [17] that for relativistic decays, the p, and p_ 
segments radiate from the points («a =—1, p, = 0) and («= +1, p, = 0), 
respectively. 


(*) Cases in which dp, and dp_ are dependent are discussed in ref. [15]. 
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We now discuss the analysis and interpretation of the main group. The 
anomalous events have been discussed elsewhere [15]. 


19) LU scatter of the 6° points around the theoretical Q curve is con- 
SAR was the internally estimated (probable i.e. 50%) errors. Thus, the 
data indicate, in a natural way, the presence of a two body decay plus four 
anomalous points. Of the twenty-four 6° points shown, about 80°, come 
within one error of the theoretical curve, instead of the expected 50 %. Thus 
it would appear that the errors may have been slightly To ia The 
most likely explanation of this lies in the assumption that the momentum errors 
are independent, since the main source of error is gas distortion. For fast 
V°-particles, where the tracks are in relatively close proximity, whatever dis- 
tortions are present will tend to effect both tracks in the same way; Le. 


(13) Ox, = Ox_, 


where x is the track curvature. It is readily shown [15] that the effect of 
eq. (13) is to reduce the vertical or p, dimensions of the error ellipses, and 
that in the limit that eq. (13) holds exatly, the ellipses degenerate to horizontal 
segments. Since the 0° points are concentrated near the top of the curve, 
where the slope is zero, it is therefore likely that uncertainties in the distance 
to the curve are, on the average, overestimated. A more accurate estimate 
of the errors would require a detailed study of the extent to which eq. (13) 
is applicable. In the absence of such a study, we have treated the momentum 
errors as independent since this procedure, on the average, is probably con- 


servative. 


2) However, the existence of (anomalous) events which are incompatible 
with the Q curve for the main group requires a more detailed and quantita- 
tive discussion of two versus three body decay, since if in addition to the two 
charged fragments, a neutral particle is produced in the decay, it can be shown 
that the representative points in the (a, p,) plane should scatter. 

In order to derive a theoretical estimate of the scatter expected for three 
body decay, it is convenient to think in terms of the apparent Q-value, OF 
and the apparent center of mass angle, 0'*. These variables are equivalent 
to polar coordinates in the (circular) plot; Q* is a measure of the radius DI 
and 6’* is the angle between the radius and the positive g-axis. It has been 
shown [15] that the differential distribution of Q* is given by 


a4) per) = RIES Km), 


where f(T) is the differential kinetic energy distribution of the neutral frag- 
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ment in the true center of mass system and M is the true mass of the 
Q°-particle. Thus the distribution of Q* is independent of 0'*, of the 0° ve- 
locity, ete. 

In Fig. 10, the histogram of the Q(x, x) values from Table IV is compared 
with the theoretical Q* distribution normalized to equal area. The theoret- 
ical distribution is computed 
from eq. (14) for the hypo- 
thetical decay scheme 


n 
ina 00 >7++ 7-4 v+4 516 MeV. 
10 The energy spectrum of the 
| 2 neutrino is taken to be that 
as È given by the statistical fac- 
< tor, and the end point Q*= 
è — 516 MeV is adjusted so 
SF E that the maximum of the di- 
stribution occurs near Q*= 

4 


= 214 MeV, to agree with 
experiment. It would ap- 
pear difficult to reconcile the 
observations with a three 
=| body decay process of the 
general sort given by sta- 
Fig. 10. — Histogram of Q(x, x) values. tistical considerations. 
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3) The distribution of 
points along the curve is entirely compatible with isotropic decay in the 
center of mass system. There are ten points with x > 0 and fourteen points 
with x< 0, indicating, within the limited statistics, equal emission of the po- 
sitive fragment in the forward and backward directions. The observed con- 
centration of points near the top of the curve (x=0) is expected for isotropic 
decay since, in that case, the linear density of points along the (circular) curve 
should be proportional to sin 6’. 

There are two types of bias which affect the distribution. First, decays 
in which the 0° momentum is asymmetrically divided between the fragments 
will be biased against since the high momentum fragment is apt to be un- 
measurable in the sense of the criterion used. This effect should tend to arti- 
ficially peak the distribution of x near « = 0 (6’= 90°) and should act in 
the same way for positive and negative x. Clearly, this bias can easily be 
removed by proper sampling methods when better statistics are available. 
Second, 0° decays with « in the neighborhood of +0.7 or greater dynamic- 
ally resemble A°-decay in the laboratory frame and therefore can be resolved 
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in individual cases only with fortuitous precision of measurement or with 
direct information about the fragment masses. There are two cases of this 
type in Table IV. In event R-118 [5], the mass of the positive fragment is 
reasonaly sure to be less than that of the proton from momentum and ioni- 
zation. Event R-267 falls somewhat inside the A°-surface (by 2.5 errors) and 
there is weak supporting evidence from the ionization (a well oriented electron 
track is available for comparison) that the mass of the positive fragment is 
less than protonic. 


4) The dynamic analysis provides a new method for the absolute deter- 


mination of parent and fragment masses and suggested, from the first re- 
port [5], that the 0° fragments are L-mesons, the various possibilities being 
(tt, 7), (x, uw) and (u, yu). Actually, the best fit of the early data was obtained 
with (x, =), but the statistics were insufficient to permit a strong conclusion. 

The distinction between pion and muon fragments is difficult, in the case 
of 0°-decay, since the fragments are quite relativistic in the center of mass 
system. The magnitude of the effect to be observed in the laboratory frame 
is shown in Fig. 11, where the theoretical Q curves for (7, 7), (z+, w-) and 
(x-, u*) are plotted. The curves are normalized at x = 0, where the observed 
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Fig. 11. — Theoretical Q curves for (x, =) and (r+, uf) decay. 


(from the discussion of errors above), inde- 
The effect of a muon 
(xt, wu) and 


ihneight (p,=p') is well known 
| pendently of the pion or muon nature of the fragments. 
I fragment is to split the (x, x) curve into two closely yang curves 
(z-, ut). Note that the (7, x) curve almost coincides with Di and right 
lbranches of the (z+, ur) and (7, ut) curves, respectively. The largest sepa- 
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ration occurs at the right and left and extremities which correspond to improb- 
able angles of emission in the center of mass system for which there is rela- 
tively little data. There is a further complication in that if the decay is (7, u), 
one might expect to find both (z+, u-) and (x-, w+). Thus, in a general sta- 
tistical adjustment both possibilities must be admitted in each event. 

It is clear, therefore, that we cannot expect to determine the fragment 
masses with high precision. However, it turns out that the amount and pre- 
cision of the data is now sufficient to distinguish between pion and muon frag- 
ments to a confidence level of the order of 99%. 

For given fragment masses, the @ surface is an «iso-Q » surface; that is, 
the gradient of Q is normal to the surface. Therefore, the variance of the 
Q-value distribution is a measure of the quality of fit of a particular Q surface 
to a given set of experimental points in decay space. The result of such an 
adjustment to obtain the fragment masses is shown in Fig. 12. The ordinate 
is the variance o? of the distribution of Q-values and the abscissa is the mass 
of the fragments, assumed to be equal. If the fragment masses are not equal, 
this method would be expected to yield an intermediate mass, provided that 
an angular correlation of the type discussed below is not present. 
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Fig. 12. — Variance of the Q(m,,m,) distribution versus Mz 


There is a well-defined minimum at 285 m,, just above the indicated pion 
mass. The uncertainty in the position of the minimum is difficult to esti- 
mate reliably, but it is certainly small enough to exclude the possibility that 
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ae ah ig e i SEO —_ which must be 
ae eevee i sa is da are nono is the measurability 
3 ptance of an event with asymmetric fragment 

momenta will more often than not depend on the measurability of cous 
energetic fragment. Gas distortions which increase the iaia to mak | 
the track measurable; hence, on the average, we can expect a small Oa 
displacement toward «= 0. Thus, in the case of §°-decay, the iui mass 
indicated in Fig. 12 should be slightly high. i = 
The detailed disposition of points with respect to the various @ surfaces 

in decay space is schematically represented in Fig. 13. The abscissa for ci 
event is the difference between the computed Q(z, wt) and Q(x*, ur) values, 
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Fig. 13. — Schematic mapping of the Q(z, x) and Q(x+, ut) surfaces. 


jand is a measure of the distance between the two surfaces in the neighborhood 


of the event. Positive abscissa corresponds to positive x and vice versa. The 
‘dashed lines 2 and 3 of slope +3 represent the Q(7*, u) and the Q(z, ut) 
isurfaces, respectively and are assigned an adjusted (Q-value of Our, ut) = 
1932.5 MeV. The ordinate of each event represents its position in decay space 


possibly three 0° decays in which one of 


(*) The Paris group has reported two or 
n. B. Gregory: Proceedings of the Bagnères 


the fragments produced a nuclear interactio 
Congress (1953), p. 35. 
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along the normal to the Q surfaces, distance again being measured by differ- 
ence of Q-value. For example, the second event from the left is R-474A, 
for which Q(x-, ut) = 198.2 MeV and Q(x, u-) = 242.0 MeV. The abscissa 


is Q(x-, wt) — Q(x, wu) = — 43.8 MeV. As to the ordinate, Q(7*, 4°) —Q = 
— 9.5 MeV, so the point lies 9.5 MeV above curve 2. Alternately, Q(z, ut) — 
—Q = —34.3 MeV, so the point is 34.3 MeV below curve 3. The solid curve 1 


represents (x, =) decay for Q = 213.9 MeV and a 6° momentum p= 2.0 GeV/e. 
The position of the (x, 7) curve in Fig. 13 is extremely insensitive to the 
0° momentum; for example, for p = 0.5 GeV/c, the maximum shift is less 
than 0.3 MeV on the ordinate. As expected by comparison with Fig. 11, the 
(x, x) curve almost coincides with the left and right branches of the (x*, u-) 
and (x, ut) curves, respectively. 

Since the @(7+, u-) and the Q(z, ut) surfaces are appreciably separated 
at the right and left hand extremities of the diagram only, consideration is 
restricted to the eight events with the largest numerical values of « The 
points fall in the lower half of the diagram and are entirely compatible with 
the (7, x) curve, or with the left and right branches of the (zt, u-) and (1, pt) 
curves, respectively. 

The latter situation would imply, within the limited statistics, the existence 
of both (m+, pu) and (n-, ut) decays; with an angular correlation such that 
the muon, irrespective of charge, is preferentially ejected in the forward di- 
rection, whereas, at the same time, the decay is approximately isotropic with 
respect to the positive fragment, irrespective of whether it is pion or muon. 
Such an angular correlation would also lead, by the method of Fig. 12, to 
an estimate of fragment mass near that of the pion. 

However, a more probable explanation in terms of (7*,u*) would seem 
to be that the data plotted in Fig. 13 represent a statistical fluctuation. The 
probability that eight events all fall in the top or in the bottom is then 2-7, 
or about 1%. Therefore, with the exception of what seems to be an impro- 
bable type of angular correlation, we consider that, to 99%, confidence level, 
both fragments are pions. 


5) The weighted mean of the Q(z, 7)-values given in Table IV is 
Q(T, x) = (213.9 + 2.8) MeV, 


where the error is the internal probable error of the weighted mean (*). In 
addition to this statistical error, the following sources of systematic error must 
be taken into account: 


Magnetic field. The field was calibrated with absolute torquemeter and 
independently with ballistic galvanometer, and the two determinations agreed 


(*) The external probable error of the weighted mean is 1.4 MeV. 
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to within + 0.3%. The corresponding uncertainty in Q is about 1.6-0.3 = 
= 0.48°/0, or about 1 MeV. 

The weighted [16] mean field for each track was computed and compared 
with the straight arithmetic mean. The largest difference found was 1.3%, 
but the average difference was 0.1%. The net effect on Q was found to be 
0.2 MeV. Thus, the effect of quadratic variation of the field is very small 
in this apparatus. . 

Actually, the mean field was computed along the track coordinates rather 
han along the particle ccordinates. The net effect, from Fig. 4, is less than 
.5% and has been neglected. 


Photography. As mentioned in part II, the curvature and angle checks 
o not reveal any appreciable systematic effects. The width cf the stereo- 
scopic image of the reticule was measured in the reprojection of eack track. 
he mean value found agreed with the known value to better than 0.1°,, with 
a probable error in an individual determination of about One, except Or 
ne event (R-57) in which the width was 1.9% low. 

However, in the comparison of space curvatures deduced semi-independently 
rom the different views, we have found several discrepancies which appear 
to be larger than can be accounted for. The cause for these discrepancies has 
ot yet been found. In order to test for possible systematic effects, the events 
in Table IV have been divided into two groups, of approximately equal sta- 
istical weight, according to the uncertainty in Q resulting from the curvature 
discrepancy. The weighted mean Q for the group with small or negligible 
discrepancy is 211.5 MeV; for the other group, it is 216.6 MeV. The difference 
is within the statistical error of the weighted mean for each group. 


Systematic gas distortions. On the average, systematic gas distortions 
produce a shift of about 2.5% in the fragment momenta given in Tables lve 
The approximate effect is to displace the representative point horizontally 
in the Q curve plot by an amount 
p i 
doe a —ae)a (=). 
zero (a = 0) and the 
small for most events. 
etrically 


Since the displacement is largest where the slope is 
density of points is highest, the error in Q will be very 
Furthermore, it will tend to average out since the events are symm 
disposed with respect to % = 0. 
for analysis by means of the measura- 
may tend to compress the ends of the 
appreciably affect the center. There- 


Sampling. The selection of events 
bility criterion, as pointed out above, 
Q curve toward « = 0, but will not 
fore, the systematic effect on Q is probably negligible. 
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Uncertainty in the pion mass. The average value of 0Q/om, is of the order 
of —0.5, hence an uncertainty of the order of 1 MeV in the pion mass will 
result in an uncertainty of 0.5 MeV in Q. 

The resultant of the errors just listed is + 3.0 MeV. However, in view 
of the possibility that the curvature discrepancies between views May conceal 
an unknown systematic error, we believe the resultant error above should 
be increased by 2 MeV. The last digit is clearly not significant and gives an 
erroneous impression of the accuracy with which the errors are known in this 
experiment. Thus we have 


Q(1, x) = (214 + 5) MeV. 
The corresponding mass of the 0°-particle is 


MM == (966 f= 1.0) n 


The 0° was the second K-particle for which the mass was accurately mea- 
sured. The remarkable equality to the t mass, within a few electron masses, 
suggested [18] a close relationship between these two particles, namely that 0° 
was a neutral counterpart of t+. Since that time, all the K-particle masses 
have converged toward the same value so that at present there is no com- 
pelling evidence for mass differences. 

However, there is good evidence that the K-particles are not all identical. 
The analysis of t-decay by DALITZ [19], which suggested that ++ and 6° cannot 
have the same spin and parity, has been confirmed by improved statistics. 
It would therefore appear that at least two of the K-particles are distinct. 
It is of great interest to know whether all K-particles are 7-mesons or 0-mesons, 
with alternate decay modes; or whether some of the various decay modes 
observed represent the decay of additional types of K-particles which are 
not identical to the 7 or the 0. 


APPENDIX 


The A°-Hyperon. 


As discussed above, the more recent A® data have not been completely 
reduced since the A° problem has appeared for some time to be stationary. 
Fig. 14 shows a histogram of Q(p, 7-) values for the analyzed data from the 
rectangular chamber. The fifteen measurable cases shown were selected on 
the basis of measurability and the criterion 6Q(p, 7) <7 MeV. About half of 
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these cases were reported at the Bagnères Congress; the remainder have been 
obtained more recently. The events designated by triangles have p,/p’> 0.9, 
and so, from the discussion of distortion errors, are probably the most accurate. 
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Fig. 14. — Histogram of Q(p, =) values for A° decay. 


The weighted mean is 
Q(P, =) = (37 =-1) Mev, 


the same as published by us earlier [18]. This Q value has been very accurately 
confirmed by FRIEDLANDER et al. [20], using range measurements in the nuclear 
emulsion. 

No measurable V° decay has yet been found which suggests a Q(p, 7) of 
75 MeV, although one example (R-424A) would be compatible therewith. 
Actually, this event falls near the intersection of the 0° curve and the hypo- 
thetical curve for Q(p, x) = 75 MeV so that it is probably a normal 0° 
(0 = (225 + 21) MeV). 
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1. Introduction. 


The possibility that heavy unstable particles might be produced in pairs 
was first suggested by NAMBU et al. [1]; and Pars [2]. Since then several 
workers have reported the associated production of byperons and K-particles, 
both charged and neutral, in which the pairs appear to have been produced 
in the same interaction. (For example, LAL et al. [3], DEBENEDETTI et al. [4], 
BALLAM et al. [5], JAMES and SALMERON [6]). 

In 1953, FOWLER et al. [7], using a bydrogen diffusion chamber and the 
1.4 GeV negative 7-meson beam of the Brookhaven Cosmotron, produced a 
neutral hyperon and a K-particle in an interaction of the type 


(1) n —- p= WY SE I 


This was the first case of associated production in which dynamical con- 
sistency with a simple production process, such as (1), could be established, and, 
following JAMES and SALMERON, WE will call such events examples of « double 
production ». 

Several further examples of interaction (1) have been obtained at Brook- 
haven (FowLER et al [7], WALKER [8]); the secondary products were identified 
as probable A° and 0°, but in some cases, in order to satisfy the conservation 
laws, the hyperon seemed to have a higher mass than the observed A°. FOWLER 
et al. suggested that possibly a very short-lived neutral hyperon was produced 
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which decayed with the A°-particle with the emission of a y-ray, viz.: 


(2) m= + p> D+ 6° > (A® + y) +0. 


In these cases production occurred in a simple hydrogen nucleus, but an 
example which is consistent with mteraction (1), and where production oc- 
curred in a complex nucleus, has been obtained by THOMPSON et al. [9]. The 
products were unambiguously identified as A® and 6°, the interacting cosmic 
ray x-meson being of approximately the same energy as the Brookhaven 
7-mesons. FowLER et al. also report an example of interaction (1) which 
occurred in the wall of the chamber, the products being probable A° and 
00-particles. 

Two examples of double production of charged hyperons and K-particles 
ina complex nucleus have been published by DAHANAYAKE et al. [10], but 
the precise nature of the produced particles cannot be stated. 

We wish to report an example of the double production of a A® and a K+ 
in a complex nucleus which is of particular interest as the charged secondary 
of the K+ is well established as a u+ meson. The event was obtained in the 
small magnet cloud chamber on the Pic-du-Midi described by ARMENTEROS 
et al. [11]. The operating conditions were such that simultaneous measure- 
ments of momentum and ionisation could be made. Some details of the 
techniques used in obtaining mass values are given in another paper (BARKER 
et. al. .[12]). 


2. — Measurements. 


A reproduction of the event is shown in Fig. 1 and the direct measurements 
on the two decaying particles are given in Table I. 


TABLE I. — Direct measurements on the Imperial College double event. 
= i ; = 
\ Momentum Mass | Included | 
Track | a UIL | ification | | 
| (MeV/c) | Mea, (m,.) | Identification angle | 
1 | 114£5 | 1.94019 | 2724 28 | m-meson 
2 | 24004229 i | A°| 750420 
(1385860 | DA LOS 1280 +400 proton | 
3 | 756230 | 1.460,15 13304270 | K+-meson] | 700410 
4 | 4942 | 31 40.55 178+ 22 | p+-mesonf | 
(*) Calculated from included angle, momentum of ™ , and an assumed Q-value of 37 MeV. 
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Scheme of the tracks. 
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Fig. la. Photograph. 


One of the secondaries of the neutral V 
(track 1, Fig. 1, a) and b)) was identified as 
The other secondary (track 2) 
identified from the 
short track, 


A TT -meson. 
cannot be accurately 
measurements because of its 
but it was reasonable to identify it aS a 
proton. The primary was therefore almost 
certainly a A’. An indirect value of the 
proton momentum was calculated from the 
included angle of the A’, the momentum 
of the = secondary and the Q-value of 


37 MeV appropriate to the A°-decay. This 
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DI 


value was used to obtain the line of flight of the A°, which intersected that of 
the charged V primary (track 3) in the front window of the cloud chamber. 
Thus it would seem that the two decaying particles were produced in the 
same nuclear interaction at this point. Furthermore, no other charged par- 
ticles appear to have been produced in the interaction. 

From the measurements on the charged V-decay, the primary was iden- 
tified as a K+ and the charged secondary a y*-meson. The mass of the ye 
appears to be rather low. This may be due to an underestimation in the cor- 
rection made to the ionization measurement for the overlapping of drop images 
on the film. 

The direct mass determination on the K+ of (1330 4270) m, is inaccu- 
rate as the particle ionized at close to the minimum value. An indirect mass 
value can be obtained in the following manner, knowing the momentum of 
the K+ and its charged secondary in the laboratory system. From the Lorentz 
transformation of momentum, using essentially experimental quantities, a 
functional relationship between P* and the mass of the K+ can be obtained, 


where P* is the momen- 
A 


p* tum of the charged se- 
MeV e x + 
(P* (222*8)MeV/e u_JPY (234*10)Mev/c condary in the rest sy- 
wu) + Usd ( + > 
Saia {my (1066*20) me stem of the K+. Also, 


if the K* is assumed to 
suffer two body decay, 
the energy equation gi- 
ves another relationship, 
this time theoretical, 
between P* and the mass 
of the K* in terms of the 
masses of the assumed 
secondaries. Then the so- 


Mass of K*(me) lution of the two equa- 
160L_ = whe a L a È 
800 900 1000 1700 1200 


tions gives the value of 

Fig. 2. P* and mass of the K+ 

consistent with the as- 

sumption of two body decay. This has been done graphically in Fig. 2 for 
the decay scheme 


(3) Ke Sur 42 


The relevant curves are the two marked on the left of the figure, the solutions 
being obtained from the point of intersection. The resultant mass of 
(918 + 16) m, is in good agreement with that obtained by the École Poly- 
technique Pic-du-Midi group for this decay scheme (ARMENTEROS et al. [13]) 
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although consistency with the 7 mass is not definitely excluded, particularly 
as this is a single measurement. Also shown in Fig. 2 are the curves for the 
decay scheme 


(4) Kt >7+1 t+ 7, 

The resultant mass of (1066 +22) m,, however, is incompatible with the well 
established mass value of about 965 m, for this process. This adds weight 
to the direct evidence that the charged secondary is in fact a p* and not a 7 


3. — Dynamical consistency with a simple production process. 


An investigation has been made to see if the event was dynamically con- 
sistent with the double production of a K+ and a A° in the elementary inter- 
action of a x-meson and a neutron (assuming the Kj to be ee) 


(5) Tw = Nn —-> ee == AS 


The momenta of the K+ and the A° were (756 +30) MeV/c and (480-+-60) MeV/c 
respectively, and the included angle between their lines of flight was (13--1)°. 
Thus, from the conservation law, the momentum of the interacting ™ was 
(1233 +70) MeV/c. Assuming the Kj, to have 7 mass, the energy unbalance 
is (63 + 32) MeV, which means that for the interaction to have dynamical 
consistence with double production, the target neutron must have a momentum 
in the direction of the incident 7* of about 60 MeV/c, which is well below the 
maximum Fermi momentum for a complex nucleus. It is concluded therefore 
that the event is consistent with double production in a simple process of the 
type (5), although the possibility of the K* undergoing 3-body decay and 
having a mass significantly higher than that of the 7 cannot be excluded. 


4, — Angular relationships. 


Finally, in view of their possible theoretical significance certain angular 
relationships between the particles concerned in the double production are 
given, the notation being that suggested by the Brookhaven group. The angles 
xx and cr} respectively between the production plane and decay planes of 
the A° and K+ were (70 + 3)° and (43 + 4)°; B, the angle of emission in the 
C.M. system of the interacting particles was 173°. 

The A°-particles in identified double production processes appear to be 
emitted preferentially in the backward direction (FOWLER et al, [7], THOMSON 
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et al. [9]). The only reported case of forward emission is that of WALKER [8] 
where the interacting = had an energy of about 1.1 GeV. 

Y,. and Yg+, the angles between the line of flight of the incident 7+ and 
the directions of the proton and u* in the rest systems of the A° and Kj res: 
pectively were 74° and 165°. However, it must be remembered that production 
occurred in a heavy nucleus and that therefore any polarisation effect may be 


masked. 
* K * 
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Some Notes on the Production of V-Particles. 
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1. — Introduction. 


The production of V-particles in a large magnet cloud chamber has been 
studied in a recent paper by JAMES and SALMERON [1]. Because the reaction 


(1) ttMA>Y+K, 


has now been established (FowLER et al. [2]) as a mode of production of A°* 
and 0°-particles an attempt was made to explain the observed features of 
V°-production using this interaction. It was shown that slow A°-particles are 
produced copiously and that, if they are produced in reaction (1) only, some 
ì mechanism of A° energy loss is essential. It was concluded that if the hyperon- 
nucleon scattering cross-section is comparable to the nucleon-nucleon scat- 
ì tering cross-section the observed features of A°-production can be accounted 
for without difficulty. It was also shown that the statistical analysis of asso- 
ciated V-events observed in a cloud chamber was unlikely to be valuable 
unless the V-particles could be produced very near to the sensitive volume. 

In this paper a continuation of this work is reported. The differential energy 
spectrum of cosmic ray 0°-particles produced in lead has been deduced and 
some observations on V-particles produced in a 1.2em copper plate in the 
centre of the chamber are recorded. 


92. — The differential energy spectrum of 6°-particles. 


The energy spectrum of cosmic ray A°-particles resembles that of protons 
produced in nuclear interactions (GayrHER and BUTLER [7], JAMES and SAL- 
MERON [1]). It is interesting to determine whether the spectrum of cosmic 
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ray §°-particles resembles that of any other known particle. Also, it is im- 
portant to know whether the spectrum of 0°-particles can be reconciled with 
production according to reaction (1). To determine the energy spectrum at 
production the energy spectrum of selected 0°-particles is found and corrected 
for the bias in selecting the 0°events and the bias due to the short lifetime 
of the 0°-particles. 


21. Selection criteria and observational biases. — About 750 V°-events have 
been observed in the cloud chamber, of these twenty satisfy the following 


criteria. 
(i) The track of the positive decay fragment is longer than 10 cm. 
(ii) The track of the negative decay fragment is longer than 1 cm. 


(iii) The momentum of the positive decay fragment is less than 5-105 eV/c 
and the ionization of the fragment is consistent with its being a 
T-meson. 


(iv) The momenta and ionizations of the positive and negative fragments 
and the angle of the decay are consistent with the event being the 
decay of a 0°-particle. 


These events are assumed to be caused by the decay of 6°-particles (*). 
The energy of the 0°-particle is determined from the momentum of the posi- 
tive decay fragment and the angle of the decay. 

To find the spectrum of 6°-particles at production each decay satisfying 
the above selection criteria is given a weight 


W(E) = 


where £ is the energy of the 6°-particle causing the decay. F(E) is the number 
of 0°-particles of energy E which must on the average be produced in the 
material above the cloud chamber before one decays in the sensitive volume. 
For particles travelling near to the vertical (E) is a function of the energy 
and mean lifetime of the 60°-particle only. P(E) is the probability that a 
0°-particle, when it decays, will decay into a positive fragment of momentum 
less than 5-10* eV/c. If it is assumed that the decay fragments are emitted 
isotropically in the centre of mass system of the 6°-particle, P(E) is a function 
of E only and can be found by a method which is described in detail by 
ASTBURY [4]. 


(*) 14 of these events were used by PAGE [12] to determine the mean lifetime of 
0°-particles. The remaining six give a mean lifetime of (1.25*%89)-10-10 s, 
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The differential energy spectrum at production is found by adding the 
veights W(H) for each chosen energy interval. The result of this calculation 
3 shown in Fig. 1. The 
ifetime assumed in the | 
letermination of F(E) is | PROTONS 
.5-10-!° s. Changing the 
ssumed lifetime to 1.2- 100 
10-1°s has very little 
ffect on the spectrum 

und. 


@|-PARTICLES 


INTENSITY IN ARBITRARY UNITS 


\ 


ig. 1. — The kinetic energy 
ectra of cosmic ray A°- 
articles and 0°-particles to- 
ether with the spectra of 
rotons and z-mesons from 
uclear reactions in photo- 
aphic emulsions. The spec- 
a of protons and 7-mesons 
ere obtained by CAMERINI 
al. [5]. All spectra have 01 eee _| 
een normalized arbitrarily. 


100 1000 ~ 10000 
KINETIC ENERGY (MeV) 


2°2. Comparison of energy spectra. — Fig. 1 also shows the energy spectra 
protons and 7-mesons produced in nuclear interactions in photographic 
ulsion (CAMERINI et al. [5]), and the energy spectrum of A°-particles given 
y James and SaLmeRON. All spectra have been normalized arbitrarily. It 
seen that the A°-spectrum is similar to the proton spectrum down to the 
bwest A° energy accessible to observation. 

° The 0°-spectrum differs from the A°-spectrum in that it shows a definite 
haximum at about 1000 MeV. There is a marked absence of slow 0°-part- 
Mes, The bias against the observation of slow unstable particles is roughly 
he same for both A° and 0°-particles. If the 0°-spectrum rose at low energies 
ke the A°-spectrum the decay of about twenty 0°-particles of energy less than 
000 MeV would have been observed. In fact four such events have been 
served. The probability of observing four events when twenty are expected 
about 1 in 10000. Taking into account the difference in observational bias 
etween A°- and 0°-particles and the error in the number of A”s observed, 


e probability that the lack of 0°-particles is due to statistical fluctuations 


mains less than 2%. 
Both FRETTER et al. [6] and GAY 
ata on 0° energies. The momenta given by GAYTHER an 


THER and BuTLER [7] have published 
d BUTLER were in- 
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correctly calculated and should be multiplied by a factor of about 2.3 (*). 
Like our own data those of FRETTER show a marked absence of slow 0°-particles, 
The corrected data of GAvTHER and BUTLER show no 0°-particles with kinetie 
energy less than 100 MeV. (9 out of 21 of their A°-particles have kinetic energy 
less than this value). In fact the slowest 0°-particle that has been reported 
has a kinetic energy of 104 MeV. In our data the slowest 0°-particle has an 
energy of 94 MeV. 


23. Possible explanation of the 6°-spectrum. — If the absence of slow 6°-part- 
icles is real we can attempt to decide what-it means in terms of production 
according to reaction (1). In all the completely measured examples of reac- 
tion (1) it has been found that the 0°-particles come forward in the centre of 
mass system. If it is assumed that this is always true and that the energy 
spectrum of the z-mesons causing reaction (1) is the same as that given by 
CAMERINI et al. [5], the spectrum expected for the 6°-particles would be roughly 
the same as that observed, provided that the 6°-particles did not lose much 
energy before decaying. 

If 0°-particles interact strongly with nucleons the spectrum could then 
only be explained if at low energies the 0°-particles were catastrophically ab- 
sorbed with a large cross-section. A possible reaction would be 


— 
bo 
_ 


K+t7R>Yt+trn. 


This has already been reported for negative K-mesons by DESTAEBLER [8]. 
and BARFORD [9]. The relations between the momentum and the angle of 
emission of the Y-particle in the laboratory system for various values of p,; 
the momentum. of the K-particle in the laboratory system, and 6*, the angle 
of emission of the Y-particle in the centre of mass system, have been calculated 
for this reaction. The calculation shows that the reaction can easily give rise 
to a slow Y-particle. This is shown in Fig. 2. 

Unfortunately it is not possible with the present accuracy of the A° and 
0° spectra to determine whether the reaction 


(3) E RI ae 


must occur frequently or not (+). 


(*) The value of the 0°-lifetime given by GAYTHER [11] is also incorrect. The cor- 
rected value is (0.6*0:3):10-1° s (GAYTHER [3]). The new weighted mean from all the 
published data (including the result given in this paper) is (1.26*935)-10-10 g, 

(*) It was pointed out during discussion, by Professor GELL-MANN, that reaction (3) 


does not conserve « strangeness ». 
| 


SOME NOTES ON THE PRODUCTION OF V-PARTICLES 329 


If in reaction (1) the 0° does not always come forward in the centre of mass 
ystem, a larger number of slow 0°-particles will be produced. Their observed 
bsence would demand even more strongly a large cross-section for absorption 
eactions such as (2). 
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ig. 2. Momenta and angles of emission of the Y-particle from the reaction K+ 9 > 

Y + rx. The full lines are curves of constant pz. The broken lines are lines of 

onstant 0*. (@* is the angle of emission of the Y-particle in the centre of mass system). 

he values of pg are given in 108 eV/e against each solid line and the values of 0* 
are given in degrees. 


. — V-Particles produced in the copper plate. 


23000 photographs have been taken with a 1.2 cem copper plate in the 
hamber. The photographs show 700 nuclear interactions in the plate, 10 of 
hich are associated with neutral V-particles. These 10 show no observable 
Hifferences from the other interactions. This is shown in Table I. The 
°-particles are coplanar with the nuclear interactions to better than DO, 


TABLE I. 

All Interactions producing | 

| interactions V°-particles 
| Ee ee a a | 
| 
oh d | 
Primary SES 1.43 + 0.11 1.75 + 1.0 | 
neutral | 
ny | 2.30 + 0.09 3.28 + 0.50 | 
Ng | 1.60 + 0.07 1.63 + 0.38 | 


7. is the mean number of shower particles. 


#7 is the mean number of heavily ionising particles seen to emerge from the plate. 
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31. Two associated V-events from the copper plate. - The most interesting | 
feature of these interactions is that two of them show two V-particles asso- i 
ciated with the same interaction. The data for these events are summarized — 


in Table II. 


TasLe II. — Data on interactions, in the plate, in which two V-particles are produced. 


Series Nature | Momentum D Primary 6 
Number of V | (in 108 eV/c) Charge 
SL 496 VO 60+10 oe — 0 0° +39 
V+ pe == nu = 00+19 
SN 1756 O 7.95+0.25 | 28.80410 240 +20 + 0° +30 
00 Re, 13.30+10 830420 = 3.60 + 30 


® is the angle between the line of flight of the V-particle and the direction of the primary 
of the nuclear interaction. 

w is the angle between the plane of the decay and the plane containing the lines of flight 
of the two V-particles. 

6 is the angle of non-coplanarity between the nuclear interaction and the plane of the 
V-particle. 

V° This particle has the same momentum analysed as a A° or as a 0°, 

6° This event is anomalous. It cannot fit a A°-decay and can be made to fit a 0°-decay 
only by changing the momenta by 4.5 standard deviations. 


The angle between the two V°-particles in event SN 1756 is 25° + 10. 
This event fits reaction (1) if the nucleon has an energy of 15 MeV and is 
moving towards the pion. In the rest frame of the nucleon the momentum of 
the z-meson is about 9-108 eV/c and 0* is about 120°. The momentum of 
the charged V-particle in event SN 496 is not measurable and we cannot say 
whether the event fits reaction (1) or not. Event SN 496 is shown in Plate I. 

It was estimated by JAMES and SALMERON that, if V-particles are always 
doubly produced in reaction (1) and then suffer scattering in the nucleus, 
about 20% of the nuclear interactions in the plate associated with one V-part- 
icle should be associated with two V-particles. This is borne out statistically 
by the present results. If V°-particles are produced singly only one nuclear 
interaction associated with two V°-particles should be observed for every 
60 nuclear interactions associated with one V°-particle. 


4. — Discussion. 


Since Y- and K-particles seem to interact strongly with nuclear matter it 
seems that little can be learnt about double production reactions such as (1) 
from their study in heavy materials. JAstrow [10] has made Monte Carlo 
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Plate I. | \ 


lalculations to estimate the probability that a hyperon produced inside a 
neavy nucleus, with kinetic energy T, is not captured. His work shows that 
it 7 — 200 MeV (a reasonable kinetic energy for A°-particles from reaction (1)) 
10%, of the A°-particles are captured and do not emerge from a lead nucleus, 
while 10% are captured in a copper nucleus. It seems that the best way to 
itudy double production reactions in cosmic rays by means of cloud chamber 
s by using a plate of some very light material. 


>. — Conclusions. 


The conclusions that are to be drawn from the above results can be sum 


marized as follows. 
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1) Compared with A°-particles there is a marked absence of slow 0°-part- 
icles from nuclear interactions in the lead transition layer. This can be 
explained if the 6°-particles are produce in 7-+97 > Y+K reactions in which 
the 0° always comes forward in the centre of mass system and suffers little 
or no energy loss before leaving the nucleus in which it is produced. 


2) One pair of associated V°-particles from the copper plate could have 
been produced in the reaction 


m+ GW —>/A° 4 0%, 


3) Because of the scattering and energy loss of the secondaries in heavy 
nuclei production, reactions are best studied in light materials. 


* * * 


The Administration of the Hochalpine Forschungsstation have offered us 
every facility for running the cloud chamber at Jungfraujoch. Thanks are 
due to Herr H. WIEDERKEHR for reducing considerably the difficulties of 
research work at mountain altitudes. This work was carried out whilst the 
author was in receipt of a D.S.I.R. Maintenance Grant. 
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No definite conclusions have yet been made about angular correlations in 
V° type decays [1-6], and we have therefore thought it worthwhile to give a 
short account of some measurements which form part of the program of a 
joint experiment by the Padua and Gottingen cloud chamber groups. The 
events which provide the basis for this discussion 
have all been found in the Gottingen multiplate Kw 
chamber which has been in use at the Marmolada. 
The correlation looked for was that between the 
plane containing the incoming primary and the 
outgoing Vo°-particle (production plane) and that con- 
taining the two decay products (decay plane). This 
has forced us to select those events in which the prim- 
ary was ionizing; to these have been added two 
other events, produced by neutral primaries, the di- 
rections of which were assumed to be given by as- 
sociated charged particles. We have found twenty 
four events, for each of which we have measured the 
angle — between the production and decay planes, 
and also the azimuthal angles B and y which the 
normals to these two planes make with respect to 
that of the chamber. In Fig. 1 is given the distribut- 
ion of the events in terms of the angle — (the cor- 
relation curve), while Fig. 2 shows the corresponding 
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distribution of the difference |8 —y| or its supple- 
ment if |B—y|> 90° (the azimuthal correlation 
curve). 

Small angles are more frequent in both distribut- 
ions. One must now try to see if indicates a ge- 
nuine correlation between the production and decay 
planes, or if some sort of bias has led to an appa- 
rent correlation. It if can be shown that this is not 
the case, it remains to be seen to what extent the 
correlation we have found may be due to a statis- 
tical fluctuation. 

The existence of a bias may be deduced from the 
curves given in Fig. 3 and Fig. 4 which show the 
distributions of the angles |f| and |y|. We have the- 
refore based our calculations on these curves. In fact, 
it will be seen that these distributions are not iso- 
tropic and their form must be attributed to a com- 
bination of: (a) the preference given by the geometry 
of the chamber to production planes having small 
azimuthal angles, (b) the difficulty of seeing decays 
2. which lie in planes with large azimuthal angles, (c) 

statistical fluctuations in the distributions of |f, 
and |y|. Assuming the absence of a genuine correlation, let us calculate the 
apparent azimuthal correlation due to the bias, i.e. the distribution of the 
angle |8 —y| which is statistically the most probable. In the absence of a 
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ve 
op 
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genuine correlation, the probability of having a certain production plane or 
a certain decay plane is each independent of the other. This fact allows us 
to calculate the apparent correlations as follows: one successively combines 
each production plane with all the decay planes and then forms a histogram 
relative to the angle B—y |. This histogram, normalized to twenty four 
events, is given in Fig. 5, and represents the apparent azimuthal correlation. 
As can be seen, this distribution is practically isotropic; thus we are able 
to say at once that the combined contribution of (a), (b) and (c) to the 
asimuthal correlation found experimentally is negligeable. 


25 


25 o 
[ 


100 2 


Fig. 6. 


We must now estimate the probability that the correlation which we have 
found is due to a statistical fluctuation in the association of pf and Ys i.e. in 
the value of |B—y|. In Fig. 6 we have plotted in cartesian co-ordinates B 
against y for each of the twenty four events. With the methods et la 
analysis, we can calculate Bravais’ coefficient «7» [7] from the conde es 
of the events. In the absence of correlation, «7» is equal to zero and assulnes 
the value of unity for complete correlation. The displacement from 2000 is a 
measure of the degree of correlation, and for twenty four cases the existence 
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of a correlation is practically certain if r < 0.6 [3]. We have obtained r = 0.80. 
From this it may be concluded that it is very unlikely that the correlation 
found for the azimuthal angles is attributable to a fluctuation. 

From the similarity of the curves of Fig. 1 (the correlation curve) and of 
Fig. 2 (the azimuthal correlation curve), one may conclude that if a genuine 
correlation exists for the second it also exists for the first. Consequently we 
believe that the present measurements offer some evidence for the existence 
of a genuine correlation between the production and decay planes. 
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1. — Introduction. 


My principal aim today is to give a general account of recent experimental 
results on heavy mesons and hyperons obtained with the photographic method, 
and the most important problems awaiting solution. We are in a period of 
decisive advance in the subject. Important new information has recently 
been won; we have just acquired very powerful new means of experiment; 
and it seems probable that we shall soon be able to make an important advance 
in ordering our knowledge and achieving a deeper understanding of the nature 
of the particles and their transformations. My remarks are designed to provide 
a background against which to see the significance of the very interesting 
individual contributions we are to hear, andI shall address myself particularly 
to those physicists who are not specialists working in the field. In addition, 
T want to say a few words about the work in the radically new conditions 
created by the artificial production of heavy mesons with the great accelerators. 

A striking feature of the work in the past few years has been the rapid 
rate at which new methods have been introduced in response to the need to 
solve particular problems, and we have repeatedly seen the great value of 
being able to make our experimental attack with a variety of technical re- 
sources. To illustrate the speed of advance in one method alone, I need only 
mention that it is only nine years ago that OccHIALINI climbed on foot to 
the Pic-du-Midi, during the Christmas vacation in 1946, carrying a few glass 
plates coated with 2 or 3 cm? of the first Ilford « Al » Nuclear Research emul- 
sion. Only three years ago we were using stacks of glass plates coated with 
about 300 cm? of emulsion; much of our work today is done with stacks of 
stripped emulsions 10 litres or more in volume. 
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These technical innovations have resulted in a rapid extension of knowledge. 
Table I represents what we knew two years ago, at about the time of the Ba- 
snères Conference in 1953, and what we know today. In 1953, the existence 
of three modes of decay of heavy mesons had been established—those which 
we designate as x, 7, 0°—and we found that the evidence was very strong for 
a fourth, y. The masses of the particles decaying in the modes 7 and 0° ap- 
peared to be equal within narrow limits of error (— 10 m.), but the values 
for those with the other modes of decay were much less certain. Work with 
plates gave a mean value of about (1020+50)m,, whilst the heavy mesons 
observed in the double Wilson chamber on the Pic-du-Midi gave a value of 
about 920 m,. 

At this period, we were uncertain whether the particles observed in two 
such sets of experiments were of the same or different types; the possibility 
had to be considered that we were dealing with particles of different lifetimes. 
In plates, the times of flight of the observed heavy mesons, from their points 
of origin to their points of arrest in the stack, were commonly not greater 
than —3-10-! s; in the double expansion chamber experiments the corres- 
ponding period was ~ 10-*s. If particles with mean lifetimes in the interval 
between these two values were present among the heavy mesons, the samples 
recorded in the two experiments might be widely different. 

In addition to the heavy mesons which were observed to decay in various 
modes when arrested in photographic emulsions, and which appeared to have 
masses not widely different from that of the 7-meson, other observations on 
the fast particles emitted from nuclear disintegrations suggested the presence 
of particles of mass ~ 1400 m,. The evidence for the existence of these part- 
icles depended on direct mass-determinations by the observations on grain- 
density and scattering (g*, x) method. It was unsupported by evidence of the 
spontaneous decay, for the particles commonly escaped from observation 
before being brought to rest. In this period, the three types of hyperons which 
we now designate A°, XY and = had already been discovered, but their masses 
remained to be accurately measured, and some of their modes of decay, and 
their interaction with nuclei, had not yet been observed. 


During the two years which have followed, the existence of three other 
modes of decay have been established; that discovered by GREGORY et al. [1], 
the K,-mode; that by Crussarp et al. [2], the '-mode; and that by FRIED- 
LANDER et al. [3], the K,-mode. Recent experiments with Wilson chambers 
and plates have shown conclusively that the modes designated K,, and y 
are the most, frequent—at least in present experimental conditions—and that 
in both, the transformation is into two secondary particles only. On the other 


hand, the modes x, K, and +’ are certainly transformations into three or more 
secondary particles. 


RECENT ADVANCES IN OUR KNOWLEDGE OF HEAVY MESONS AND HYPERONS 90) 
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1953 | 1955 i 
| 
| Mode Mass in m, | Mode Massinm, | 
ge > ntbtn+a (1) 966+3 |t# > n° +a3 + 966+3 (12) | 
Kt > ut + 2 neutrals (28) 21100 | Kt + pt + 2 neutrals È | 
| | 
| x > xt+ 1 neutral (3) E e) (3-15 J 952-+11 (13) 
(m< 300 m,) IE SES 7 ) i 968 +15 | 
00 > att (x) (48)! (966-+10) | 00° > at +77 966-210 (29) 
| Se 
| 935-415 (18) | 
| Ki ut + y (17) 950+15 (13) | 
971+12 (25) | 
Particles of mass | 
~ 1400 m, | | 
| Kg > @ +2neutrals(1920) | 
Vl a | 
i So dae 17) jA®° +p +7 2181+1 (?) | 
Mem aes (89) |Mt>p +7° | | 
SA Ra 2927-23 SI 
|xt >p +7° (10) yy sn dn. 
> A+ (74) | ee oe A dr (2571 +12) (25) | 
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A question which arose very early after the discovery of the existence of 
two or more modes of decay of heavy mesons,—and which has been at the 
centre of interest ever since,—is whether they represent different particles, 
each with its distinctive mode of decay, or one or a restricted number of part- 
icles with a variety of modes. Proof for the existence of different types of 
particles would be provided by establishing a difference in lifetime. On the 
other hand, if particles of a single type are present, in addition to the exact 
similarity of their behaviour up to the instant of decay, the different modes 
must be found in the same proportions, apart from purely statistical fluctuat- 
ions, in all conditions of experiment without exception. For we should then 
be dealing with a particle of which the relative frequencies of the different 
modes of decay are defined by a number of partial decay constants, k,, k,, ete., 
the mean lifetime being given by the relation ?,, = 1 i> k,. These conside- 
rations have decided the direction of the recent experimental attack. 


2. — Masses of heavy mesons. 


Because of the central importance of the above problems, it became very 
importance to make accurate determinations of the masses of heavy mesons 
decaying in different modes, and this called for improved methods of measu- 
rement. As in the classical experiments on the electron, we must measure 
two parameters in order to determine the ratio of the charge to the mass of 
a particle. In the early work with plates, we measured the variation of the 
grain density with the residual range of a particle (g*, R); or the variation 
of the scattering parameter with residual range, x, R). The great difficulty 
was that in the small stacks employed at the time, we only rarely found the 
track of a K-particle which was long enough,—and inclined at a sufficiently 
narrow angle to the plane of the emulsion,—to permit an evaluation of the 
mass with a probable error less than — 100 m,. And even when we found 
such a track, it was very improbable that the track of the single secondary 
charged particle would also be long enough to permit its identification, so that 
the particular mode of decay could be established. Even with stacks of stripped 
emulsions of 3 litres volume, these difficulties prevented mass determinations 
on individual tracks with an accuracy better than ~ 10%, i.e. 4- 50 m,, in 
the mass of a K-meson. 

In this situation, the ability to process very large stacks successfully re- 
presented an important technical advance. Among several people who contri- 
buted to the development of the method of stripped emulsions, I should like 
to mention DEMERS, SHAPIRO and YAGODA who were among the first to re- 
cognize its importance in modern conditions of experiment. The use of very 
large stacks allows a considerable proportion of the secondary particles from 
the decay of heavy mesons, even those with the greatest range such as the 
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u-mesons from the mode K,,, (~ 20 em) to be followed to their point of arrest. 
The energy, and the momentum of the single secondary particles from the 
modes K,, and y could thus be accurately determined from their observed 
ranges; and thence, the total release of mass and energy in the transformation, 
and the mass of the parent particle. The method is closely similar to that in 
which observations are made with Wilson chambers crossed by metal plates, 
put it has the advantage that the ranges of the secondary particles can be 
very accurately determined and their precise nature established by the ob- 
served mode of decay. Values for the mass of the K, and y-meson, as mea- 
sured in Wilson chambers and photographic plates by these methods, are 
included in Table I. 

Finally, an account has recently been circulated of a method based on the 
use of artificially accelerated K-mesons employed by RICHMAN and his col 
leagues at Berkeley. In this method, the K-mesons are analysed by a mag- 
netic field so that their momenta at a given point of entry into a stack ot 
photographic plates are constant within narrow limits. This method is very 
powerful because it permits the ranges of the particles decaying in the 7-mode, 
of which the mass is known with high precision, to be compared with that 
of the heavy mesons decaying in various other modes. A comparison of the 
masses can thus be made which is very insensitive to any errors in the range- 
energy relation, and which has the advantage that it magnifies any differences 
in mass between particles of different types: 6R/R — 20M/M. 

The results obtained by these methods are summarized in Table I; it may 
be seen that there appears to be no significant difference between the masses 
of the 7-meson and K-mesons decaying in other modes. More accurate values 
are, however, now available, and they will be reported here. Doubtless one 
of the central problems to be discussed at our Conference will be « Can it be 
| considered established that there is a difference in mass of heavy mesons 
decaying in different modes? If not, what is the upper limit for any such 
difference in mass according to the best available information? ». 


3. — Relative frequency of different modes. 


second important point of attack on 
determining the relative frequency of 
in a variety of experimental conditions. 


I have already emphasized that a 
our central problem can be made by 
occurrence of different modes of decay 
The observed proportion of different modes might vary as a result of ditte- 
rences in the lifetimes, if two or more different particles are present, In this 
connection, we have three principal sources of information: (4) from plates 
exposed to cosmic radiation, or to artificially accelerated particles, n wien 
the K-mesons are created in nuclear interactions in the emulsion, so that their 
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times of flight to the end of the range are of the order of 3-107!° s; (b) observ- 
ations on cosmic radiation with Wilson chambers at mountain altitude — times 
of fllight — 10-88; and (c) observations with plates exposed to the K-meson 
beam from the accelerators — times of flight — 10-# s. It is known from work 
with Wilson chambers that the decay constants associated with several im- 
portant modes of decay correspond to mean lifetimes of the order of 1075 s. 
If some modes are due to particles with lifetimes less than this value, there 
should then be differences in the relative frequencies of different modes in our 
available experimental conditions, and a close comparison of the results could 
be rewarding. If no differences can be found, it must mean either that we 
are dealing with particles of a single type, or that the K-mesons of different 
types have the same, or closely similar, lifetimes; or that the lifetimes are all 
greater than about 2-10-88, so that the times of flight hitherto observed have 
been too short to allow any differences to be established. 

It appears that considerable care must be exercised in attempting to com- 
pare the relative frequencies of different modes observed in different expe- 
rimental conditions. There may, for example, for a variety of reasons, be a 
variation in the efficiency with which observers detect different modes of decay. 
Because of the great importance of the problem, however, it will be very inter- 
esting to see if the available evidence is consistent with a single lifetime. 

There is a second important aspect of this problem. Between the two 
extreme views that the modes of decay are all due to different types of part- 
icles, or all to a single type, there is the possibility of two or a few different 
types, each with one or more modes of decay. If so, a limited group of dif- 
ferent modes might always appear in the same relative proportions. There 
have been a number of speculations, for example, about the x and K,-modes, 
and Professor DALLAPORTA will discuss recent theoretical speculations on the 
possibility that they represent alternative modes of decay of the y-meson. 
If the speculations are correct, the relative frequency of these three modes 
becomes a most important constant which any theory must attempt to ac- 
count for. 


4. Energy spectrum of the secondary particles from Ke, x and 7. 


A second very important subject bearing on the interpretation of those 
modes in which the decay is into three or more secondary particles—the 
modes Kg, x and +/—is the energy-distribution of the single charged secondary 
particles. AMALDI has already dealt with the recent results on the mode TE 
and the view that the decay is indeed into three z-mesons, two of them neutral, 
as has been commonly assumed. 


The problem in the case of x and K, has a similar significance because 
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of the light it would throw on the nature of the neutral particles. Thus, as- 
suming tentatively that the masses of all the K-mesons are 966 m,, it is pos- 
sible to determine the maximum energy of the electron and the u-meson for 
various possible transformations. 


ee oa eas 152: Mev 
x >uty+70 Hi ey = oe MeV 
Kes pry Es (max) = 246.5 MeV 
K,—>6 +v+7° Eig tax) = 228 MeV. 


We shall hear about preliminary estimates of the form of the energy spectra 
which may already allow us to exclude some of the modes. If, for example, 
the modes of decay were indeed of the types (a) and (c) above, and were ana- 
logous to the radiative mode of decay of a z-meson, 7 > u+v-+y, one would 
expect most of the y-rays to be of low energy, and most of the secondary 
charged particles to be of high energy near the maximum value permitted 
by the conservation laws. The available evidence on the energy distribution 
of the secondary particles in both modes, x and Kg, is against such an inter- 
pretation. 

It may be remarked that it should be possible to prove whether neutral 
m-mesons are produced in the transformations by the observation of the rare 
mode of decay 7° >y+(8*+£-) and the resulting pair of electrons emerging 
from the point of decay of the heavy meson, Such an observation has been 
reported from Dublin in the case of the y-mode: ¥ >7-+7°. 

It will be important to make a powerful attack on these problems, to 
determine not only the maximum energy of the secondary particles, but aiso 
the detailed form of the energy distributions, which must be of great theore- 
tical interest and importance. 

Such an attack has been greatly facilitated by the generous way in which 
our American colleagues at Brookhaven and Berkeley have assisted many of 
us to secure exposures of stacks of emulsions to the beams of fast protons, 
x= and K-mesons, produced by the accelerators. Allow me to mention only 
one experiment which illustrates the technical revolution which the artificial 
production of K-mesons has brought about. A stack with a volume of eight 
litres, dimensions 40 cm x 26 em x7.5 em, was recently exposed to the mag- 
netically analysed K-meson beam produced by the Berkeley Bey aumors In 
two days’ exposure, 5000 K-mesons were arrested in the stack. This at mee 
sight seems very modest compared with the 80000 K-mesons arrested in a 
stack of 15 litres exposed at high altitude to the cosmic radiation for o. hont 
But this comparison is misleading because the K-mesons produced artificially 
enter the stack with known momentum and range, and their expected points 
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of arrest can defined within narrow limits. As a result, a single observer can 
find about ten K-mesons a day and it would now be possible to increase this 
member greatly by an exposure of higher intensity; if we wished to do so, 
we could put sufficient forces into the search to produce 200 a day, or more. 
Such a rate is about 100 times greater than that which is possible with stacks 
exposed to cosmic radiation where the K-mesons are randomly distributed. 
For many experiments, such a rate of finding K-mesons is unnecessary, for 
the main labour is in measuring the tracks, but we are perhaps approaching 
a stage when scattering and other experiments, similar to those which have 
been carried out with z-mesons, will be undertaken. Rapid counting may 
then become of central importance. 

It is a great privilege for us to be able to take part in these experiments 
with artificially produced K-mesons. Perhaps this Conference, which is to 
devote such a lot of its time to the study of these particles, might like to con- 
sider sending a telegram to our colleagues in Brookhaven and Berkeley con- 
gratulating them on their successes in producing K-mesons artificially, and 
thus making a decisive contribution to the development of the subject; and 
thanking them very warmly for the generous way in which, without delays or 
conditions, they have made it possible for us to participate with them in the 
progress of the work. I am sure that what they have done will make a most 
important contribution to the friendly relations between the scientists of dif- 
ferent countries, and that in itself is an important part in the advancement 
of science. 


5. — Association of K-mesons and hyperons. 


I come now to a third group of questions of great theoretical importance, 
which also have a bearing on the question of the identity of mesons decaying 
in different modes; namely questions relating to the association of K ‘and 
Y-particles—heavy mesons and hyperons. This association has now been 
made manifest in a variety of phenomena of which the first to be discovered 
was that which is referred to as «associated production ». 

The decisive experiments at Brookhaven with a diffusion cloud-chamber, 
showed that in the collision between an energetic negative 7-meson and a 
proton, a hyperon and a K-meson may be produced in association according 
to the equation: 7-+p —> Y-+K, particular forms of the reaction being 


> Ao + 6°, 
and 
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In these experiments, it was not possible to state the mode of decay of 
the positive K-mesons, each of which decayed in flight into a single Hai 
secondary particle. È 

A similar association in production was first observed in photographic 
emulsions by Lat et al. (1953) who observed a 7-meson and a charged hyperon 
which were emitted from the same nuclear disintegration. Similar observ- 
ations have now been made in which the ejected K-meson decays in the oh 
x and y-modes. There is therefore very strong evidence that in respect of 
associated production, no distinction can be made between K-mesons which 
decay in different modes. It is certain that the charged hyperon produced 
in these processes is frequently a X-particle, and it is possible that it is always so. 

The fact of the associated production of K and Y-particles removed one 
difficulty about their observed copious production in nuclear disintegrations 
and their long lifetime. Previously, it had been difficult to understand why, 
if the K-mesons and Y-particles were assumed, like the z-mesons, to be pro- 
duced individually in nucleon-nucleon collisions, they lived so long on a nuclear 
time-scale before decaying in some of the observed modes; (f,,~ 1078 s for K, 
t,,—-3:10-!!s for Y). The existence of associated production removed this 
difficulty. Further, in order to account for these and other facts, and on the 
basis of certain general theoretical arguments, GELL-MANN and PAIS [4], 
NISHIJIMA [5, 6] and M. A. MARKOv (see this issue, Parte II, Sezione B), have 
been led to suggest certain extensions of the conservation laws which promise to 
afford important theoretical guidance in the ordering of our knowledge of 
heavy mesons and hyperons,and in projecting new experiments. It may 
be useful to summarize certain of their conclusions as simply as possible, as 
they are likely to be referred to frequently during the conference. One great 
virtue of the proposals is that they appear to provide us with simple 
working rules. 

According to these suggestions, it is useful to attribute to a particle a certain 
quantum number according to the values shown in Table II. In individual 
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reactions and transformations involving these particles, the total value of this 
quantum number must be conserved if a reaction is to be fast a measured 
on a nuclear time-scale (10-228). This extension of the conservation laws is 
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not absolute, however; some transformations in which it is violated may take 
place, but they will be relatively slow on a nuclear time scale. Thus, in the 
collision between an energetic negative 7--meson and a proton, the following 
reactions are allowed: 


zc + pol + , 


or = Y- de Kt; 


but the transformation +Y++KT is forbidden as a fast-reaction. Further, 
the processes of decay + > pt+7°, U* > n+7x*, for example, are forbidden 
and therefore occur only slowly on a nuclear time scale, so that the mean life- 
times of the particles are many orders of magnitude longer than 1072! s. We 
shall see that these rules give us guidance in other important problems. 


6. — The negative K-mesons. 


61. Frequency of Production, — It was very early recognized that among 
the K-mesons, the negative particles appeared to be infrequent compared with 
those which decay; (FRIEDLANDER et al. [7]); the latter, or most of them, were 
presumed, we now know correctly, to be positively charged. Experiments, 
both with cosmic radiation (GREGORY et al. [1]) and more recently with the 
accelerators, have confirmed the reality of the positive excess, and the se- 
lection rules suggested in Table II allow us to account for it. 

According to the conservation laws of Pais and Gell-Mann, the reaction 
m +p > Y++.K cannot occur as a fast reaction. This involving particles 
of higher energy such as those which we can represent 


OASI GU STRAGI 


OT 


>N +nN+K + 0 
tm + 9 ->(r)+ 9 + K>-+ K+, ete.; 


where 97 is a nucleon. 

Such reactions require a higher energy than those involved in the associated 
production of positive K-mesons and hyperons, and it seems probable that 
this may account for the large positive excess. It may be remarked that this 
would also allow us to account for the even greater excess observed at Ber- 
keley, N(K*)/N(K~)~ 100, as the available energy of the primary particles, 
being all limited to values less than ~ 6 GeV, are much nearer the threshold 
for production than in the case of experiments with cosmic radiation. 
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Some support for these speculations is given by the recent observation of 
the production of a pair of charged K-mesons from a disintegration in an 
emulsion (G-Stack Collaboration Experiments, 1954). On examining the parent 
star from which a negative K-meson emerged, a second charged K-meson 
was found among the other particles. It appears be to significant that whereas 
many cases of associated production involving positive K-meson and hype- 
rons have now been found, no similar example involving a KT-particle and 
a hyperon has appeared. In the first well-identified case in which there is 
a heavy particle associated in production with a K~-meson, it is a second 
K-meson and not a hyperon. Further examples are urgently required. 


62. Nuclear interaction of stopping particles. - As evidence for disinteg- 
rations due to the nuclear interaction of K-mesons at the end of their range 
has accumulated it has become apparent that the magnitude of the visible 
release of energy is commonly much less than that to be expected if all the 
rest-mass contributed to nuclear excitation. The explanation of this result 
became apparent with the observation at Milan (DI CoRATO et al [8]) of the 
emission of a charged hyperon following nuclear interaction and similarly of 
the emission of neutral hyperons reported by BARKER [9] and DESTA&£- 
BLER [10]. Several examples are now known. It may be remarked that this 
reaction can occur as a fast reaction according to the new selection rules. 


63. Interaction of fast K-mesons. — AMALDI has already mentioned, in his 
talk, the phenomenon in which a heavy meson is observed to be emitted from 
a nuclear disintegration; it collides with a nucleus, and a heavy meson emerges 
from the encounter and decays at the end of its range. Observations have 
now been reported in which the heavy meson finally decays in the 7, x and 
y-modes, and, probably, in the mode K,. It may be seeu from Table II that 
the elastic collision cf the K*-meson, or charge exchange in which a neutral 
0°-meson emerges, are alone permitted in such a fast reaction. 

The position in regard to negative K-mesons is quite different. When 
such a particle, collides with a nucleus, it may undergo several types of inter- 
action in addition to those which take place for the K+-particles. For example, 
the K~-meson may enter and a hyperon may emerge, as happens in the case 
of capture of K--mesors at rest. Because of these possibilities it will be of 
great interest to see if the process of elastic collision, which is so often observed 
in the case of positive K-mesons, is equally frequent for the negative: 

Some preliminary evidence that the negative K-mesons are readily ab- 
sorbed in nuclear matter has already been provided by comparing the parent 
stars from which the positive and negative particles emerge. Thus, ERIED: 
LANDER et al. [11] have found that the average value D N ED of i 
ionizing evaporation particles, associated with the disintegrations from which 
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negative K-mesons emerge, is about 6; on the other hand for the positive 
particles, N, — 12. This result, it has been suggested, may be explained in 
the following way: In nuclear disintegrations in which K-mesons are pro- 
duced, the positive particles commonly emerge from both light and heavy 
nuclei, as they can only be removed by charge exchange. On the other hand, 
the negative have several possible modes of interaction, so that they are fre- 
quently removed before escaping from the parent nucleus, being replaced in 
effect by hyperons. The probability of these processes is such that the nega- 
tive K-particles produced in the emulsion commonly emerge from the light 
nuclei (C, N,0) and rarely from the heavier (Ag, Br). The value of N, is there- 
fore generally less than eight for the parent stars of the negative particles. 

These above considerations may have an important practical bearing on 
the production of K~-mesons by the macbines—a target of Be or Al exposed 
to 6 GeV protons might give a higher yield than one of a heavier element 
such as copper. 

It will be of great interest if observations of greater statistical weight, 
such as we might be able to put together here, should confirm the reality of 
the effects on which the above considerations are based. 


7. — Different types of negative K-particles. 


In photographic plates we can, at present, only distinguish different types 
of heavy mesons phenomenologically, at the moment of decay; we can make 
no distinction between different types of negative particles. For this purpose, 
we must rely on other methods of detection in which the particles decay 
in flight. 


8. — Strong and weak interactions. Relative importance. 


In addition to these questions concerning the identity of the heavy unstable 
particles and their decay interactions, there are other important problems 
which we can pose only now that high intensity beams of such particles from 
the great accelerators are becoming available—problems concerning the « strong 
interactions » of these particles. A study of these features will lead us to a 
deeper understanding of the part played by these particles in nuclear forces 
and, what is more important, point out new concepts necessary for such an 
understanding; we may then begin to understand the structure of the nucleon. 
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9. — The future developments. 


I want now to say a few words about the future. When we come to view 
the developments of the past ten years with some degree of historical perspec- 
tive, we shall perhaps see that the work with the cosmie radiation played 
two very important roles. It permitted us, first, to discover the existence of 
a wide range of unstable forms of matter and enabled us to have a clearly 
defined programme of work with the accelerators as they came into operation. 
As particles in a new range of energy became available, we were not in the 
unsatisfactory position of having to say « We now have a great new addi- 
tional resource. Let us see if we can find something to do with it ». 

Secondly, the work on the cosmic radiation has played the very important 
ròle in calling forth a rapid expansion in the technical methods of investigation 
and measurement, and in leading to the development of a considerable body 
of trained people experienced in the various methods employed in studying 
heavy mesons and hyperons. 

When the artificial production of heavy mesons was brought about, it was 
clear, as in the similar position which arose in the case of the z-mesons, that 
a certain contraction of the scope of experiments with cosmic rays would 
follow. As then, there will remain a certain field of experiment in the higher 
energy region; in this case above ~ 10 GeV. It is reasonable to suppose that 
in the nuclear collisions at the extreme energies available in cosmic radiation, 
important processes still remain to be discovered, and that it will be profitable 
to devote large resources to their investigation. They can, however, hardly 
engage all the large-body of scanning power and skill which is now in existence, 
and it would be a great advantage if this could be absorbed to the best ad- 
vantage in experiments in conjunction with the machines. 

In this connection, we are greatly indebted for the possibilities to which 
I have already referred. But if we look ahead a little further, I think we shall 
see that after a number of decisively important experiments have beep carried 
out, such as accurate determinations of masses, of lifetimes and of the energy 
spectrum of the secondary particles, for example, a more difficulty period 
will come in which we shall want to make much more detailed studies of a 
variety of phenomena involving heavy mesons. These may make very great 
demands on our technical resources because of the relative weakness of the 
beams of charged heavy mesons which are likely to be available in puo nese 
few years. In this situation, it might be possible to undertake investigations 
by an extensive collaboration which could not be approached in any other 
way. We know from the experience of the Sardinian expedition and the more 
recent G-stack experiments that such a collaboration can be brought about, 
and that it can make a decisive contribution to the progress of the work. 
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It has the great advantage that it permits laboratories with relatively small 
resources to be engaged in, and to make a valued contribution to, work at 
the centre of interest of physics. Perhaps it will be possible for us to organize 
such extensive collaborations in the new conditions of work into which we 
are now passing so rapidly. 

In conclusion, to sum up, amongst others, three important problems face 
the conference, to the solution of which it may be possible to make a decisive 
contribution : 


1) Can it be established that there are differences in mass between heavy 
mesons decaying in different modes? 


2) What are the relative frequencies of occurrence of different modes 
of decay? Are they the same in all experimental conditions? 


3) What is the energy spectrum of the secondary particles arising in 
the modes of decay x, K,, +t’? What conditions must be observed for their 
accurate determination? 


REFERENCES 


[1] B. GreGoRry, A. LAGARRIGUE, L. LePRINCE-Rixncuer, F. MULLER and C. Pryr- 
ROU: Nuovo Cimento, 11, 292 (1954). 

[2] J. CRussaRD, M. F. KapLON, J. KLARMANN and J.H. Noon: Phys. Rev., 93, 253 
(1954). 

[3] M. W. FRIEDLANDER, D. KEEFE, M. G. K. Menon and L. Van Rossum: Phil. 
Mag., 45, 1043 (1954). 

[4] M. GELL-MANN and A. Pats: Proc. Int. Conf. on Meson and Nucl. Phys. (Glasgow, 
1954); Proc. Rochester Conf. on High Energy Physies (1955). 

[5] K. NIsHIJIMA: Progr. Theor. Phys., 12, 107 (1954). 

[6] T. Nakano and K. NIsHIJIMA: Progr. Theor. Phys., 10, 581 (1953). 

[7] M. W. FRIEDLANDER, G. G. Harris and M. G. K. Mrnon: Proc. Roy. Soc., A 
221, 394 (1954). . 

[8] M. Di Corato, B. LocarELLI, G. MiGNonr and G. Tomasini: Suppl. Nuovo Ci- 

mento, 12, 270 (1954). 

[9] K. H. BARKER: Ph. D. Thesis (1954), University of Manchester. 

H. DESTAEBLER: Phys. Rev., 95, 1110 (1954). 

[11] M. W. FRIEDLANDER, D. KEEFE, M. G. K. Mrnon, R. H. W. Jounston, C. 0°CEAL- 
LAIGH and A. KERNAN: Phil. Mag., 46, 144 (1955). 


SUPPLEMENTO AL VOLUME IV, SERIE X Ny oe ioe 
DEL NUOVO CIMENTO 20 Semestre 


Positive Heavy Mesons Produced at the Bevatron. 


R. W. BIRGE, R. P. Happock, L. T. Kerra, J. R. PETERSON, 
J. SANDWEISS, D. H. Stork, and M. N. WHITEHEAD 


Radiation Laboratory - Berkeley, California 


(Presented by D. H. STORE.) 


Nuclear emulsions have been exposed to 114, 135, and 170 MeV positive 
heavy mesons produced at 90° by 5-7 GeV protons striking a copper target. 
The exposures were made using the strong-focusing spectrometer [1]. 


4. The strong-focusing spectrometer. 


The principal features of this apparatus consist of a strong-focusing quadru- 
pole-magnet lens system followed by a conventional momentum-analyzing 
magnet. The arrangement is shown in Fig. 1. It can be shown that the flux 
of heavy mesons at the stack position is 

dN da dP ' RESTO 
(1) ANN |fe- Mb LT =| Voge dS 

dA AOL dx ML ML 
where d N,/dA is the number of heavy mesons per unit area, N, is the total 
sing the target, N, is the number of target nuclei 
direction, d20/AQdE is the cross-section in em? 


p 


number of protons traver 
per cm? in the proton beam 
ster-! MeV, fc is the velo- 
city of the heavy mesons, 
dP/da is the momentum dis- 
persion of the analyzing a $A1 
magnet, M, and M, are the 
horizontal and vertical ma- 
gnification of the strong- 
focusing lens, L, and L, are 
the horizontal and vertical ele 
dimensions of the target, 
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0, and 0, are the effective horizontal and vertical angular apertures of the 


strone-focusine lens, and t and 7 are the proper time of flight and the mean 
lifetime of the heavy mesons. 


2. — Mass measurements. 


The mass of each heavy meson can be found by measuring the range of 
the meson in the nuclear emulsion stack and .by following its track back to 
the point of entrance to determine its momentum. The momentum of the 
meson can then be determined by measurement of the ranges of the protons 
entering the stack at the same point. Ideally, the mass resolution should have 
a total width 


ap 
Ai =| es eS are 
AM | ie IP, where AP = (5) MyLy 


In practice this resolution is somewhat broadenend by multiple scattering 
in the thin window and in the air, by aberrations of the strong-focusing lens, 
and by multiple scattering and range straggling in the nuclear emulsion. 
Systematic uncertainties can arise from energy loss in the air path through 
the analyzing magnet and from lack of precision in determination of the mo- 
mentum-range relations. The resolution and yield of heavy mesons are suf- 
ficient so that systematic errors incurred in this method may be comparable 
to or larger than the statistical uncertainties. 


3. — Scanning. 


Scanning is done by searching for tracks several centimeters ahead of the 
region in which the heavy mesons are expected to stop. Each track having 
the appropriate grain density and direction is followed to the end of its range 
and is identified by its decay as a heavy meson. Because the heavy mesons 
have a spread in ranges, it is necessary to examine the selective bias caused 
at the point of scanning by light grain count for long-range particles and by 
large accumulated multiple scattering for short range particles. The scanning 
region was chosen far enough from the stopping region to give negligible bias 
for masses between 800 and 1100 m,. In the worst case for the figures 
shown, the extremes of grain count at the scanning point deviated by about 
10%, and the largest accumulated rms multiple Scattering angle was calculated 
to be less than 1.5° greater than the average. 
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4. — Results. 


A) 135 MeV. The first stack of twelve pellicles, 2 in. by 3in. by 600 um, 
was exposed to 135 MeV K-mesons produced in a copper target of dimensions 
i tin, b= 0.25in. Three K,’s had fortuitously flat secondary tracks 
more than 5 cm long before leaving the stack. The secondary masses were 
determined by grain count and multiple scattering to be 293 + 29, 275 +33, 
and 259 +31 electron masses. An 8% uncer- 


tainty in the scattering constant is included. 
Grain-count calibrations were made by using 100 È ar 
the readily available pion tracks that came È he on 
from the target and traversed the stack with 
selected momentum. The pf values were 
(170 + 15), (166+ 17), and (161 + 16) MeV/c; 
each, therefore, agrees well with the established 


K_, decay scheme. 


B) 114 MeV. A stack of 107 pellicles 3.5 in- 
by 3.5 in. by 600 um was exposed to 114 MeV 
K-mesens produced in the same target as above. 


M=970.6 11.6 


d°- 281 Me 


Preliminary results from this exposure are 
given in Bevatron K-Mesons », by BIRGE et al., 10 
which is to appear as a Letter to the Editor 

in the Physical Review. We have now recalcula- lee e a 
ted the masses of the K-mesons, using the posi- So i 
tion where the track was first picked up Fig. 2. 

rather than the position of its ending (as was 

done in the preliminary report) to determine the momentum of the particle. 
The results of this mass determination plotted separately for K,-meson and 
<-mesons are shown in Fig. 2. The distributions include 295 K,-mesons, 
29 z-mesons, and 7 alternate decays of the 7 into one charged pion. 

The mass uncertainties given are o|VN, where o = VA? is the roo mean 
square deviation from the average mass and N is the total number of ROL in 
the distribution. The average mass of the K,-mesons is (970.6 + 1.6) mg, with 
o = 28.1. For the t-mesons the average mass is (9784 Dal) o; Wal rag 30. 

A comparison of the measured 7-meson mass of (978 +5)m, with the accepted 
value of 966 m, indicates a possible systematic error. Only the relative masses 
are significant to the listed uncertainties. 

The flux ratios as determined in this stack are 


(E) =11 42, (Ba) = ao ans 
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Although the differential cross-section uncorrected for decay in flight is 
estimated from Eq. (1) to be 2.4-10-%2 cm? ster-! eV-!, the quantity NOS 
subject to large uncertainties. The ratios, ho- 
wever, are valid and an accurate determination 
of the cross section for K production awaits 
a measurement of the pion cross-section. 


d 


C) 170 MeV. A third stack consisting 
of fifty G.5 pellicles 3 in. by 6 in. by 600 um 
was exposed to 170 MeV K-mesons produced 
in a copper target of dimensions L, = 2 in. 
and L,= gin. This value of L, gave a 
momentum resolution than in the previous 
better exposures. Results on the masses ob- 
tained from 165 K,-mesons and 15 7-mesons 
(among which are included three with alter- 
native mode of decay) are plotted in Fig. 3. 

The data yield an average mass for the 


di T =F 


0 1060 AE q 9 9 : ene 
ROOT O nee K,-mesons of (963.2 +2.0)m,, with a root 
mean-square deviation o = 25.6 m,: For the 
T-mesons the average mass is (966.1 -+ 4.8) m, 
with a = 5.1m 


900 


Life BY 


The 12:1 ratio of K, to t-mesons found in this stack remains about the 
same obtained at 114 MeV. 

Scanning is still in progress, and at the present time an examination of 
the secondary tracks is also under way. Masses of the few mesons whose modes 
of decay have been identified are included in Table I. 


du =(— 24 + 9.8) m, 
Ixus MRI) 
Pri 1.8 == 10.3) my, 
lrcno "= (= 9 ate 13 ) mM, 
Sa (38° 22 2027), my, 


5. — Individual masses. 


The mass resolution is not sufficiently narrow to give evidence for two 
different K, mass values on the basis of the above data. Consequently, a 
number of fairly flat secondary tracks remaining in the stack for distances 
greater than 5 cm have been followed. These were chosen without reference 
to the mass values and grain counted 5 cm or farther from the decay point. 
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At 5 cem the grain count for a K_, secondary is about 1.30 times minimum 
and that for a K,, is 1.04 times minimum. The pions of known momentum 
coming from the target were used for grain-count calibration. The measu- 
rements separated these K,-mesons into two groups: probable K_, -mesons 
and probable K,,-mesons. The average mass of each group relative to the 
- mass is shown in Table I. Results from the 114 MeV stack and the 170 MeV 
stack are combined. 

Three K,;mesons have been found. The meson secondary ranges were 
1.44, 1.5, and 4.7 em. Two cases of three light non coplanar secondaries (listed 
as K,,) have been found and are under study. The average masses of these 


and of 9 7/-mesons are also listed in Table I. 


6. — <-Mesons. 


Thirty 7-mesons have been found in regions of the 114 MeV stack, where 
at least two secondaries are certain to stop. To date, measurements have been 
made on the secondaries of 24 of these t-mesons. The range along the track 
was determined for each stopping pion secondary and the energy was com- 
puted by use of the range tables of BARKAS[2]. The numbers of 7-decays 
in the regions a, b and ¢ of the FABRI analysis [3] are 8, 8, and 8, respectively. 
The results are listed in Table Ii. 


AV Area Hie le 
l =i 
Range | Energy | Fn Range | Energy 
Event (mm) | (MeV) uvent (mm) (MeV) 
| Tae us > 7 rale || 
i, 6 xt 2.890 | 11.8 40 x (star) 3.620 | 1.30 
am (star) | 6.062 | 17.4 | TE 15.56 30,2 
nt | 31.39 | 46.1 nt 16.07 30.9 
| | VISTE | 
| 
| 75.3. | 74.1 
7 tt SID 12.4 | 51 TT 4.53 14.7 
x (star) 15.29 30.0 |. | x- (star) 12.00 25.9 
pp 18.03 SOL by cons. of mom. 
| nt 17.40 | 32.3 
75.5 | 
"1259 
| 36 x (0) 2.11 9.6 
TE 6.18 17.6 85 mt 2.883 a 
by cons. of mom. ae a We 
nt 29.4 44.4 x (star) 29.50 | 5 
GEO 
| 7.61 
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TABLE II (continued). 


| 


| Energy | 


5 | Range | Energy | bee ‘| | Range 3 
venti | (mm) | (MeV) | | 4ven | | (mm) (MeV) 
ee | ie i ae 
86 TU 3.002 5\—) Loe | | 219 Tt 1.893 8.95 
(0) 8.253 CALL ‘by cons. of mom. | 
DE 27.04 432000 n° | 15.20 29.8 
| | | xt 19.87 35.0 
| 75.3 | | 
| | | | 73.8 
103 | nt Nei 5.4 | | | | 
| ur | 13.57 21.9 | 236 Toh 4.289 14.2 
by cons. of mom. | | Jai | 9.537 | 22.5 
a | 25.20 40:20) n- (star) | 24.05 39.3 
73,5 76.0 
123 mt 6.454 18.0 248 T_ (0) 3.310 123 
nt 7.432 19.6 by cons. of mom. | 
m (star) 23.47 38.7 Tt 8.50 ZII 
Tr 29:33 2.4 
76.3 
75.8 
131 me (0) 1.885 8.9 | | 
a 7.785 NG )7 | 273 To (0) 8.736 21.4 
by cons. of mom. | tt 10.31 23.6 
Tu 29.80 45.0 Tr 16.57 31.3 
43.6 76.3 
163 To (star) 4.483 14.65 279 Tt 1.026 6.33 
Tt 7.387 19.45 ™ (0) 12.05 26.0 
by cons. of mom. | Tt 28.22 43.2 
nt 24.75 40.0 | 
75.5 
74.1 
297 Tui 3.305 12.3 
181 a 3.894 1135 TOI 15.80 30.5 
Tt 4.513 14.7 Toe 16.76 31.5 
tm (star) 32.21 47.0 
74.3 
one 
298 tt 232 2.71 
203 Tt 6.170 17.5 Tt 14.25 28.7 
n° (star) 6.599 | 18.25 x (star) 26.00 41.2 
Tusa 24.33 39.5 m™ makes a ~150° 
scatt. at ~27MeV 
Thies 
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TABLE II (continued). 
Se {{ Da == — x n 
‘Event | Range | Energy ‘Eventi | Range | Energy 
| | | (mm) | (MeV) | | (mm) | (MeV) 
307 n= (star) | 6221 | 177 || 311} 7 (tar) | 8253 | 20.7 
| = 8.780 | 21.4 x | S190") 22%0 
| | Tt 20.27 35.4 | | TT | 16.94 31.8 
| 74.5 74.5 
| 
| 308 | nt | 5.964 | 17.15|| 315] — x | 4.456 | 14.6 
nm (star) 6.941 | 18.75 | | | >) oe 6.734 | 18.5 
at 23.66 39.0 | a (star) | 25.88 41.1 
| | 74.9 bP 
| | i 


As a test for polarization of the 7-mesons, direction cosines of each se- 
condary were measured with respect to the axes of the emulsion stack. The 
projections of the normal to the decay plane on these axes were then cal- 
culated. The normal to the production plane is one of these axes. No signi- 
ficant difference from isotropy was observed. 


* *K 
The help of the Bevatron staff made under the direction of Dr. E. J. LOFGREN 
is greatly appreciated. 
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INTERVENTI E DISCUSSIONI 


— CH. PEYROU: 

In the Berkeley experiments on the m 
K-meson beam, the mass distribution presents a 
due to the K-particles which suffered inelastic nuclear 


ass of K-mesons using the monoenergetic 
tail of anomalous high masses, probably 
seattering before stopping. Was 
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a cutoff procedure applied to this anomalous masses when averages were made? What 
was the cutoff? and was it the same for the K, and 7 groups? 


— D. H. STORK: 

A cutoff at 1070 m was applied to both the K, and 7 groups in determining the 
average masses. Out of the 460 K, and the 517 and 7’ for which mass measurements 
were made, 20 K, and one 7 has apparent masses > 1070 m,. In addition to the 
possibility of inelastic scattering in the early portion of the stacks (masked by the 
heavy proton flux), sources of these anomalous masses may include multiple scattering 
in the magnet pole-piece and production of K’s at points in the target holder other 
than the target itself. 
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A study is in progress on the production of K-particles as a function of 
| proton bombarding energy at the Bevatron. Preliminary work has been carried 
out with emulsion stacks exposed to the focused K beam [1]. K-particles were 
observed at 90° to the proton beam incident on a Cu target. The stacks were 
placed in a momentum channel of 350 MeV/c +5%, at a distance of 2.7 m 
from the target. Table I gives the preliminary results on experimental ratios 
of K-particles to 7-mesons both having a momentum of 350 MeV/c, after a 
proper time of flight of 1.3-10-* s for the K-particles. 


TaBLE I. — Experimental K to x ratios. 


Exposure to Exposure to 
positive particles negative particles 
| = cate 
Ke | Kat og (ron 
4.8 GeV | 1.7:10-2 + 15% | 14-2409, | = 
6.2 GeV 1.6-10-2 + 20% Teano I IO 23005 


The respective fluxes for K*, K_, and 7° were obtained by selecting tracks 
on the basis of their ionization at 4 em of their residual range and following 
these particles to the end of their range. In this fashion an unbiased sample 


of the particles was selected. A direct comparison between different exposures 
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must await further work on the proton flux determination and effects of the 
different stray magnetic fields on the focusing system. 


* x 


This work was done under the auspices of the U.S. Atomic Energy Com- 
mission. 
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Interactions and Decay of Positive K-Particles in Flight. 


W. W. CHuPP, G. GOLDHABER, S. GOLDHABER, E. L. ILorr and J. E. LANNUTTI 


Radiation Laboratory, Department of Physics 
University of California - Berkeley, California 


A. PEVSNER and D. RITSON 


Department of Physics, Massachusetts Institute of Technology - Cambridge, Massachusetts 


To gain further information on the nature of K-particles, we have embarked 
on a program of study of K-particle interactions. The ideas on the nature 
and behavior of K-particles and hyperons as expressed by GeLL-MANN and 
PAIS [1] and those of M. GoLpHABER[2] and RK. G. SACHS [3] make rather de- 
finite predictions about the interactions of K-particles. 

There are two main features in the interaction of positive K-particles that 
stand out quite clearly despite the limited data we have so far. In the first 
place, although the entire rest energy of the K+-particle (about 500 MeV) 
together with its kinetic energy of 10 to 120 MeV is available, all K*-stars 
here observed are of a type showing only a small visibile energy release. 
Thus we do not observe any interactions accompanied by 7-meson emis- 
sion (except for events that can be clearly ascribed to decays in flight —see 
below) such as are observed for negative K-particle stars [ 4-5] where the excess 
energy available (after hyperon formation) makes 7-meson production energe- 
tically possible. 

The K+ interactions here observed are all in the nature of elastic scattering 
and inelastic scattering, with possibly two cases that can be ascribed to a 
charge-exchange interaction K++n —> K°+p. We thus feel that our data 
present evidence (a) in favor of the concept of the conservation of a quantum 


number [1-3] (« strangeness ») by the K+-particle and possibly by a family 


consisting of K+ and K° (isotopic spin T= 1), and (b) that the value of this 
at for the K_ mesons 


quantum number for the K+-meson is different from th 


and hyperons. 
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The second feature is that the interaction cross-section for K*-mesons is 
quite small, about 4 of the geometric cross-section. This feature is in accord 
with the ideas proposed by M. GOLDHABER [2], which are based on the as- 
sumption of a weakly interacting K* (and K°) and a strongly interacting K_ 
(and K°)-meson. Alternatively one may presume a mixture of different types 
of K-particles, some of which are interacting while others are not. 

We have exposed stacks of Ilford G.5 emulsions in the focused K+ beam [6 ] 
at the Bevatron. The momentum selection per plate is about + 5%. There 
is, however, an additional variation in momentum across the stacks. The 
average momentum accepted in one of our stacks is 350 MeV/c, in another 
it is 410 MeV/c. The technique used was to select K-particle tracks on the 
basis of ionization (grain density) beyond the stopping protons. In this 
region the K-mesons are at about twice minimum, whereas the 7-mesons of 
the same momentum are essentially at minimum ionization. Each track bet- 
ween 1.8 and 3 times minimum is then picked out rather easily by visual 
inspection and is followed out through the stack. Except for about 15% con- 
tamination (stray protons scattered in, prongs of stars in the emulsion, ete.), 
all tracks so picked turn out to be K-particles or t-mesons, and occasionally 
interact or decay in flight. In each interaction observed the K-meson was 
identified by grain count and multiple scattering (except for those cases of 
elastic and inelastic scattering where the K-particle ended and decayed in 
the stack). In this fashion we eliminated a number of spurious events such 
as proton interactions, and prongs coming from stars. 

So far we have followed 27.3 m of K track and 1.5 m of + track. We have 
found 26 elastic scatters of angle greater than 20° and of H, greater than 
30 MeV, most of which are Coulomb scatters. We also found 16 inelastic 
scatters and two possible charge-exchange events. In addition we have found 
16 events in which a K-particle emits a lightly ionizing particle in flight, which 
we consider to be decays in flight. 


1. — Elastie Scatterings. 


On scanning along the track in the present work we made no attempt to 
pick up all elastic scattering below 20° or scatters in the last 6 mm of range 
(E < 30 MeV). Above these values, the efficiency for finding scatters should 
be close to 100%. Fig. 1 shows a scatter diagram of all the elastic and inelastic 
scatters found. Table I gives a comparison between the observed data and 
the expected number of elastic Coulomb scatters. From Table I can be seen 
that Coulomb scatters can account for a large proportion of the observed 
elastic scatters. One can estimate that perhaps 9 of the observed elastic scat- 
ters are due to nuclear interactions. One of these is a K-hydrogen scatter [7] 


aT e 
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and two others may be considered elastic scatters from light elements in the 
emulsion (as determined from the reccils, which appear to conserve mo- 
mentum). 


170° Ne SCATTER: 
e ELASTIC 


A INELASTIC 


A 
= 
= 90° 
WS] 
Dai 
cS 
w 
Ss 
= 
= 50° 

10° 

10 30 x 
ENERGY OF K (MeV) 
Fig. 1. — A scatter diagram of angle versus energy for all the elastic and inelastic Kr 


scatters found. The lines drawn show the region of 0, > 20° and Ex > 30 MeV as 
described in Table I. 


TABLE I. — Comparison of observed inelastic and elastic scatters with expected coulomb 


scattering. 
Scattering angle of K*-mesons 
e E cin - SS LE DER 
| | 209-300 300-900 902-1809 | 
E a | 
neTsY | Observed (*) | 8 £ | Observed (*) È gq | Observed (*) È E Hol 
(MeV) E 3 ee 3 5 | length | 
Si n) . D DI 
Inelastic|Elastic| 3 $ Inelastic|Elastie| & E Inelastic|Elastic 3 8 (mM) 
30-60 0.5 2.0 8.0 3.0 Aa) Woe Ded 0.5 | 0.4 9.3 
60-90 1.0 4.5 DIS 1.0 9.5 | 1.6 4.0 0.5 0.12 8.7 
90-120] 0.0 205 132 1.0 2.5 | 0.75 1.0 0.0 | 0.06 fae | 
È | SS 
Total Teo 9.0 leo: 5.0 16.0 100 Het) LEO: 0.58 20,8 | 
| 
(*) The observed events falling on the border between angle or energy intervals chosen were | 
divided between the intervals. This accounts for non integral « observed » events. | 
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2. — Inelastic events. 


We have considered as inelastic scatters all events in which a K-meson 
interacts and emerges with a clear indication of energy loss. That is, events 
showing an appreciable change in grain density and (or) additional prongs, 
or recoils not conserving momentum, were placed in this class. The distinction 
between elastic and inelastic events is not completely clear-cut and thus the 
inelastic events are also given in Table I and Fig. 1 for comparison. Table II 
gives a description of the 16 events classified as inelastic scatters. In addition 
there were two possible examples of charge exchange in which the K-particle 
did not reappear nor did its rest energy appear in visible prongs. From all 
the interactions it can be considered that there are about 9+16+2 = 27 events 
beyond the number expected from Coulomb scattering. This then corresponds 


TABLE II. — Inelastic events. 


Energy at | Energy of | Scat- 
No! Seatter {Scattered | tering Additional Commenti 
Ey K-Meson | Angle Prongs 
(MeV) |H, (MeV) 0 
1 28+8 28 1640 recoil No momentum conservation 
with recoil 
2 35+9 350 
3 4449 17.5 90° 17.6 MeV proton quasi-elastic 
4 46+9 19 134° Auger electron 
5 4848 300 200 um proton 
6 49+8 21 900 
7 51+8 51 50 recoil No momentum conservation 
with recoil 
8 62-+6 100° 
9 62 +6 20 161° 20 um proton 
10 63 +6 25 Tizio 2.3 mm proton 
Li 68 +6 450 
12 7846 1450 
13 78+6 270 recoil No momentum conservation 
with recoil 
14 8446 132° |3 short protons or «’s 
15) 96+5 73° |{120 um proton and 
7 um recoil 
16 11045 143° 
le 47+9 500 um proton Possible charge-exchange 
seattering 
18 93+5 10 mm proton Possible charge-exchange 


scattering 
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to a mean free path for nuclear interaction in emulsion of — 100 em. Our 
‘result thus corresponds to a cross-section for nuclear interaction of K*-particles 
i about + of the geometric cross section. No nuclear interaction of 7-mesons 
was observed in the 1.5 m of 7-meson track followed. However, as not all 
scattered K-particles ended in our stacks, some of them might have been 
2-mesons, and thus no definite conclusion is possible on this point. 


3. — Decays in flight. 


In the above scanning along the track of K-mesons 16 decays in flight 
were found. These were identified by the fact that the outgoing prong has 
a grain density smaller than the incoming meson, In all cases the K-meson 
is identified by multiple-scattering and grain counting measurements. If these 
events were due to the nuclear interaction of K*-particles, it would be expected 
that some events should occur in which one or more black evaporation prongs 
emerge in addition to the track of low grain density. As no such interactions 
were observed, we conclude that our identification as decay in flight is valid. 
|The sum of the proper slowing-down times of all the K*-mesons followed was 
| calculated by use of the tables of FAY, GOTTSTEIN, and HAIN[8]. Since a 
i decay in flight occuring in the last 2 mm of a track might not be recognized, 
the time spent in this part of the track was not counted. 

Excluding those tracks due to 7-mesons, a total of 27.3 m of K-meson 
track was scanned. This corresponds to a total proper time of 16.9-107* s 
for the K-meson ranges here involved, which yields a mean life-time for K- 
mesons of (1.1 +0.3)-10-* s. The error given is the statistical standard de- 
viation with an additional allowance for an uncertainty in the length of track 
scanned. In addition, 1.5 m of 7-meson track was followed, which corresponds 
to a total proper time of (0.95 — 0.14)-10-8 s. No decay in flight of a t-meson 


was observed. 
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INTERVENTI E DISCUSSIONI 


— D. KEEFE: 

It may be of interest to mention here that a somewhat similar result, based on 
much poorer statistics, has been obtained in Bristol using a cosmic ray exposed stack. 
In following out tracks from stars, 2m of K-meson track has been scanned in an 
unbiassed way, i.e. independent of decay. The K-meson energies lie in the range 
0--270 MeV. Three interactions have been observed, two of which are stars (from which 
no charged K-mesons emerge), the third is a large angle scatter. 

In following back decaying K-mesons found by scanning, several elastic and inelastic 
scatters have been seen. By a geometrical calculation involving stack size, one finds 
that the observed fraction of these events is consistent with a mean free path for scat- 
tering of ~ 2--5-geometrical. 
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Interaction and Decay of Negative K-Particles in Flight. 
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Together with the study of the interactions and decays of positive K-part- 
icles [1], we have also started a similar study on negative K-particles in flight. 
The problem here is considerably harder because of the low abundance of 
negative K-particles [2]. 

In contrast to the behavior of K*-particles, the observed interactions of 
K--mesons in flight include occasional large stars, accompanied by 7-meson 
emission. We also have evidence that the cross-section for K -interaction is 
larger than the K° cross-section. In particular, we agree with HORNBOSTEL 
and SALANT [3] that the cross-section may be geometric. All these factors add 
up to the striking difference in the nature of the interactions between positive 
and negative K-particles. As mentioned before [1] these factors tend to con- 
firm the concept of a quantum number [4-6] (« strangeness »), which has two 
different values for K*- and K -mesons. 

The observed larger interaction cross-section for 
sidered evidence for a « stronger interaction » [5]. It may 
partly for the much lower abundance of K -mesons [2]. As production has 
so far been observed only with complex nuclei, it may be considered that the 
K once produced is more easily reabsorbed, while the K* under similar cir- 
cumstances would be emitted. Of course a possible shorter lifetime (see below) 


K--mesons can be con- 
also perhaps account 
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TaBLE I. — K -interactions in flight. 
| Energy | 
| Saro Ener- 
in. | of K at | Prong Range ay (*) Iden- Comments 
Interaction Number (um) MeV tity 
(MeV) ee | 
1| 85465 1 180 5 (p) 
| 2 440 9 (p) | 
| 3 _ 55 (zc) Grain density is | 
Pion rest energy 140 1.5x minimum 
Bindi fa 16 If prong 3 is a proton, 
| nr ASI its energy is 380 MeV 
| and the total energy 
| 225 would be 418 MeV 
Dae Sie 1 1790 20 (p) 
2 15 900 > 68 (p) | 
3 370 8 (p) 
4 | 28 800 42 TO Ends. Gives l-prong | 
5 113 4 (p) star. 
| 6 230 6 (p) 
| 7 75 3 (p) 
Pion rest energy 140 
| Binding energy 48 
| > 339 
3| 7746 1 62 2.6 | (p) 
| 2 1490 17.8 tp) 
Binding energy 16 
36 | 
& | TOL6 1 716 12 (p) 
Binding energy 8 
20 
5 | 62415 1 380 9 (p) 
2 12 000 118 (x) 
127 | 
6, 85411 1 160 5 (p) 
2 360 8 (p) 
3 1400 17 (p) 
30 
(*) The visible energy release has been calculated on the assumption that all black prongs 
are protons, 
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for K-mesons could also contribute to their lower abundance, as does the 
presumed requirement that K™-mesons be produced in associated production 
with K* or K® mesons [4-6]. 

We exposed an emulsion stack to the focused kK” beam [7] and, by tech- 
niques very similar to those described for K*-mesons [1], we have looked for 
K- interactions and decays. One difference here was that scanning could be 
started right at the edge where the K -mesons enter, as there are no protons 
of the same momentum. 

In 3 m of K~ followed, we have found six interactions in flight. We have 
also found three events which we have classified as decays in flight. 


1. — Interactions in flight. 


The six interactions in flight of K -mesons observed are described in Table I. 

In three cases, numbers 1, 2 and 5, the visible energy release plus the 
binding energy of the outgoing particles exceeds the kinetic energy of the 
incoming K -meson. 

Of the six stars, at least two and probably three have pions coming out. 
The mean free path for K -particle interaction is thus probably consistent 
with the geometric mean free path. 


2. — Decay in flight. 


In the 3m of Ko track followed, three decays in flight were found. We 
have classified as a decay in flight an event having one outgoing prong that 
has a smaller grain density than the K track being followed. Of course, in 
the case of K~-mesons, it cannot be completely ruled out that some of these 
events are nuclear interactions in which just a 7-meson is emitted. However, 
because of the catastrophic nature of the K~ interactions in flight, it appears 
to us very unlikely that no sign of a recoil or black evaporation prong should 
appear in conjunction with a 7 emission. 

The K track followed corresponds to a proper time of 1.95-107* S. 
last 2mm of K~ tracks that stopped were not included, since decays in flight 
in this part of the track cannot be readily identified. 


The resulting mean lifetime for K -mesons is (0.005) ON: The limits 


of error quoted are the confidence limits for a probability of 0.84. Within 
t with the K* mean lifetime [1]. 


the statistical error this is in agreemen 


The 


* * * 


This work was performed under the auspices of the U.S. Atomic Energy 


Commission. 
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[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 3, 131 (1956). Qui riportiamo il riassunto e un’osservazione 
di Cu. Peyrov fatta nel corso della discussione. N. d. R.] 


Summary. — Stacks of 600 um pellicles were exposed to the 4.6 and 3.0 GeV pion 
beam of the Berkeley Bevatron. A number of heavy unstable particles and hyper- 
fragments were obtained. The ratio of the frequency of occurrence of K* and K -mesons 
has been found to be approximately unity in contrast to the large positive excess in 
the proton beam. As a possible explanation, it is suggested that the K™-meson is 
produced in conjunction with a Kt-meson according to the following reaction: m”+p~ 
+K++K-+n. Two hyperfragment decays of hydrogen have been found in which 
the x--meson stops. One of the hyperfragments was identified as a ?H* produced by 
a Z-hyperon; the other one is a {H* produced directly by the high energy pion. The 
range of all the charged particles was accurately determined which yielded a reliable 
value of the binding energy. The value of the binding energy (B.E.) for 3H* was found 
to be (1.2 + 0.6) MeV and for 4H* B.E. (A%)-= (3.865 2) MeV. The mean free path 
for nuclear collisions was determined for 5.7 GeV protons and 3 GeV n--mesons. The 
results vielded for protons (27,604 5.5) cm aad for n -Mesone (35.5 + 5.0) em. Both 
mean free paths are longer than the geometrical mean free path for nuclear collisions 
in the emulsion, which is 25 em. 


INTERVENTI E DISCUSSIONI 


— CH. PEYROU: 

In the Gell-Mann theory K~-particles can only be p 
a K+ or a K®. On the contrary K+-particles can be pro 
Therefore for a given primary energy, one can expect th 


roduced in pairs together with 
duced together with hyperons. 
at the average energy of KG 
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ei 


would be considerably larger than the K average energy. In cosmic ray experiments, 
there is a broad spectrum for the primary energy, therefore one should not expect to 
find a difference between the K* and the K~ spectrum (at the production). Both of them 
will be more or less an image of the primary spectrum. The situation will be different 
if the primaries are monoenergetic as it was the use for the stack of Prof. ScHEIN 
exposed in the 4.5 GeV of beam. It may be possible to explain the fact that no positive 
excess in K-particles was observed, in assuming that most of the K+, produced in 
reactions Kt + Y had sufficient energy to escape from the stack and that, on the con- 
trary most of the K™ produced in reactions K~ + K* had low energy and stopped 
in the stack. 
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(Presented by J. CRUSSARD.) 


The emulsion group of the École Polytechnique has had recently the great 
privilege of exposing a large stack of stripped emulsions in the 6.1 GeV proton 
beam of the Berkeley bevatron. I want first to express our deep gratitude to 
Professor LAWRENCE, Professor LOFGREN, Doctor CHupp and the whole staff 
of the bevatron for their generosity and efficiency in making possible this irra- 
diation. Our thanks are also due to G. and S. GOLDHABER for their invaluable 
help in preparing the exposure. A special design had to be made in order to 
introduce the emulsions into the beam, the first such operation with a stack 
of this size; preliminary tests were also made, to insure that the irradiation 
occurred under excellent conditions. 

The exposure was made at the end of February 1955. The stack con- 
sisted of 120 sheets of emulsion of dimensions 35 cm x 25 em x 600 um. It 
was introduced in a straight section of the bevatron. Part of the beam went 
through one end of the stack, the path of the protons being parallel to the 
25 cm dimension. 

The emulsions were mounted on glass and processed at the École Poly- 
technique by G. Kayas. Each emulsion was then cut out into four sections, the 
alignment being achieved with the help of X-ray marks which had been put 
on the stack at Berkeley. 

An area scanning was made at 10--15 em from the beam; this distance 
corresponds to a position of favourable density of events. The time of doh 
of the observed K-particles is therefore around 5-107!° $ (and sometimes 
shorter). 


In eight weeks of work, the following preliminary results have been obtained. 
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We have observed, at rest, 72 positive K’s, 3 negative K’s, 4 7’s. The ratio 
K/z is 64 K/8.963 x,y or o (= 1/140), not very different from the ratio in 
cosmic ray exposure. The proportion of <’s (t/K = 1/18) is low compared 
with the figures given at this Conference by Professor AMALDI. 


1. — Secondaries of K*. 


Preliminary observations have been made on secondaries of K*. All flat 
secondaries (> 3000 um per plate) with an initial direction corresponding to 
a projected path length greater than 20 cm in the emulsion have been fol 
lowed to their stopping point or their exit from the stack. Scattering and 
grain density measurements were also made on several flat secondaries on a 
leneth sufficient to permit the identification of the particle. 

Table I shows the results of these measurements. There are three stopping 
us from Ky, one stopping x from y, and two 7z’s interacting in flight. Both 
electrons from K, are unmistakably identified. A rough mass measurement 


TABLE I. 
Nature of | Number Range 

Event |the parent of (or measured | Ending fs PP 
particle plates | length) (mm) | ev 

EPwo Let, 41 198.7+-5.7 | po — “i 

EDo, LG 26 205.14+5.8 | pu-e — — 

EDPios I 29 206.5 +5.8 u-e — — 
| Epes KG (4) (23.31) | — 0.950 +0.040 204417 
ENDS, KA (4) (Koay) | 0.950 0.040 217-419 
EDge LO (6) (16.0) — 0.920-+0.040 226+18 

| 

Eps > 25 117.1+3.3 T-Uu-e = —_ 

Ep. | x (18) (36.5) 3+07 1.09 +0.07 —— 

EDys và (0.4) (2) 4407 1.25 +0.15 — 
Epes Kg 2 3.) a (plateau) 99+14 
i 2.7 es ) 28.5 
EPiroo Kg 1 | 8.6 | — » 100+11 
1 4.4 | ) 584 9 


on the track of one of those K,-Ep,,, has given (1240 + 200) m,. Extensive 
measurements have then been made by grain and gap counting on the other Kg, 
by comparison with protons in the same plates. A mass of (915 + 40) m 
has been found. hi i 
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2. — Masses of K, and y from stopping secondaries. 


The range of the stopping secondaries includes the emulsion length equi- 
valent to the thin paper which was placed between the sheets of emulsion. 
This is derived from its weight (1.03 mg/cm?) and from the average space 
between two emulsions ((63 + 5) um) deduced from observations on various 
tracks. The error on the given ranges includes the error in the measurements 
(20 um on each entering or exit point), the error due to distortion and the 
straggling, the latter being much larger than the others. 

The average range for the three stopping secondaries of K,, is 


R, = (203.3 + 3.3) mm. 


The most probable value of the density of the emulsion of this stack is 3,85, 
from data supplied by Doctor WALLER at Ilford. As the humidity at the 
time of the exposure is not known, there is an uncertainty on the density: 
+ 0.07 seems to be conservative, and corresponds to a relative humidity 
between 40% and 70%. The range of the secondary of the K, is then: 
(78.3 + 1.9) g/cm?. 

We can compare this value to the range in copper of secondaries of K, 
lobserved in cloud chamber. The most recent value is (75.8 + 1.5) g/em? of 
‘copper [1]. Recent measurements made in Chicago [2] show that protons of 
1(208-+4) MeV have a range of (41.1--0.1) g/cm? in copper and (41.3+0.2) g/em? 
lin emulsion of density (3.85 + 0.01) g/em*®. Assuming the same ratio at higher 
velocities, the range in emulsion corresponding to the measured (75.8+-1.5) g/em? 
in copper is (76.2 + 1.6) g/em?. This is the value to be compared to the 
(78.3 + 1.9) g/em? directly measured in emulsion. There is no disagreement 
between those two figures. 

We are now faced with the determination of the energy (£,) of the p from 
this range. We use the range-energy relation calculated by BARONI and al [3], 
corrected for the difference between the most probable density of 3.85 of our 
stack and the density of 3.92 for which the calculations have been made. It 
seems also reasonable to magnify the above mentioned errors, because of the 
uncertainty of the position of the curve at high velocities. In the absence 
of experimental data on this part of the curve, we can only take an arbitrary 
value of this error. Assuming for instance 3% on the range, and adding this 
to the above quoted error, we find 


E, = (149.5 + 5.1) Mev 


nd 
Mx, = (954 +20) m, (*). 


(*) The direct application of the BARONI et al. curve to the measured (203.3 +3.3) mm 
ives E, = (152.5-2.0) MeV and Mx, = (966 +8) m,. 
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The range of the = from y-meson is (117.1 + 3.3) mm (straggling included 
in the error). l 
The same assumptions as those made for the K, lead to the following values: 
R_= (45.1 + 1.5) g/cm? 
+ 3.8) MeV 


and: 


3. — Negative K-particles. 


Of the observed negative K’s, two give ordinary evaporation stars. The 
third is a stopping particle of mass around 1000 m, (from gap counting); 
from its end starts a single particle of 760 um which stops, and gives rise to 
a proton-like track of 1695 um. The latter fits exactly with the proton from 
X++>p + n° (19.0 MeV): the corresponding @-value is (117 + 3) MeV, in good 
agreement with the previous measurements. The 760 ym track is consistent 
with the track of a hyperon. This suggests the reaction: K-+p > 774% 
occurring in a nucleus, the 77 being captured in the same nucleus. The range 
of the X+ from this reaction on a free proton would be 800 um, which is very 
near the observed value. A similar event has already been observed in 1954 [4]. 


4. — Scattering and grain density measurements. 


I will now give a brief summary of all scattering and grain density measu- 
rements made on secondaries of K particles at the École Polytechnique, adding 
to the results given above those obtained in other stacks exposed to cosmic 
radiation, in particular a stack of ninety 35 cm x25 cm x 600 um emulsions 
flown for us in Texas through the generosity of the Office of Naval Research. 


41. Scattering measurements. — If we add to the three secondaries of Lia, 
of Table I, 5 published cases of K, [5], 6 and two other measurements on flat 
secondaries giving pBc=(203+-14) MeV and (2054-18) MeV (with g*=0.935+0.022 
and 0.942 + 0.026 respectively), we find for these ten K,$8 an average pfe 


(*) From the direct use of the BARONI et al. curve: E, = (109.0+2.8) MeV and 
M, = (967+10) m,. 
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of (209 + 8) MeV (*) corresponding to: 


and: 


Similarly, scattering measurements on three ’s published earlier [6-8] 
give an average pfc of (169.4 + 5.3) MeV (*) 


Hi. = (108.6 3.6) Mev 
and 


M,= (965---15) me: (**). 


4°2. Grain density. — Combining the results of all stacks, the grain density 
has been measured on 17 secondaries having a length greater than 1500 um 
per plate. Small corrections for distortion 
have been applied when they were neces- 
sary. The plateau has been measured on rs 
electrons in each plate, at the same depths. 48 
The results, shown in Fig. 1, exhibit a 
| clear separation between two peaks around ai 
0.95 and 1.1 times plateau, which corres- 22 
pond presumably to K, and y. 

Neither in the scattering nor in the 
grain density measurements is there any 
sign of a continuous spectrum of energy 
of v’s froma K-particle giving a y with a 09 1.0 
limit energy around 150 MeV. If the Fig. 
energy of the secondary of the K extends 
to high values of this order, the proportion of K’s must be small in the 
plates exposed to cosmic rays or to protons of 6 GeV. 

Finally in Table I are given the numbers of the different types of K-mesons 
observed in emulsion at the École Polytechnique. 


2% in the value of the scattering factor. 
are somewhat different (average mass = 
d from the grain density measurements. 


(*) This error includes an uncertainty of 
(**) The published masses of these y°s [7-8] 
= (954+12)m,), because they are also derive 
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Taste I. Number of the different types of K-mesons. 


6.1 GeV protons | Cosmic radiation Total 
K with fast secondary 72 48 120 
Gi 4 3 7 
Ti 0 1 1 
Ke 3 1 4 
x with slow wu 0 1 1 
Identified { K, 6 7 ie 
K’s with | probable K,, (*) 0 3 3 
a fast | x 3 6 9 
secondary | Kg 2 0 2 


(*) Possibly Kg or x with a fast u. 


The proportions in the first part of this table are subject to scanning biases. 
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INTERVENTI E DISCUSSIONI 


— R. H. W. Jounston: 

Was an estimate of the emulsion density at the time of the flight made using y-meson 
ranges from m-y decay? 
— J. CRUSSARD: 

No y-meson calibration was made. 
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University of California - Berkeley, California 


A K-Hydrogen scattering event observed in a stack of nuclear emulsions 
exposed to the focused K*+ beam [2] enabled us to get a mass measurement 


en scattering event Fx = 102 MeV. Both 


ic. 1. - A photomicrograph of a K-hydrog 
eS a in the emulsion. Ry = 


outcoming particles come to rest (endings are sketched in) 
— 3221 mm, R = 2.427mm. (Observer: S. Livineston, Photomicrograph: 
= BYE a . 

R. P. MICHAELIS). 
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on this K-particle. Two independent measurements give M, = (972 + 12) m, 
and M, = (984 +79) m, with a weighted average of M,=(973 +12) m,. 
Measurements on the secondary of the K-particle permit us to exclude a 


TT 


7/-meson. 


This work was performed under the auspices of the United States Atomic 
Energy Commission. 
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We have observed the interaction in flight of a secondary from the decay 
of a K-particle. The K-particle was obtained from the focused K* beam [1] 
with a proper time of flight of ~ 10-* s. The secondary, after traveling 9.5 mm, 
produced a 3-prong star which emitted a 7*-meson of ~ 16 MeV. finally 
giving r-u-e decay. Measurements on the secondary before interaction give 
pp = (210 +24) MeV/e and g/g. = 1.09 + .09. 

The total visible energy released in the star is > 60 MeV. Both these 
observations rule out a 7’-meson (7’>7++2n°) and indicate we have a case 
ba a0, 


* OK * 


This work was performed under the auspices of the U. S. Atomic Energy 


Commission. 
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Stacks of Ilford G.5, 600 um stripped emulsions were exposed to the fo- 
cused K~ beam [1] at the Bevatron. The 6.1 GeV proton beam was incident 
on a copper target, and we observed K -mesons produced at 90° to the beam 
direction. The K7 momentum channels of 350 MeV/c and 410 MeV/c were 
used. Both K~ and x- of the same momentum were incident on the stack. 
The proper time of flight for the K”-mesons was about 1078 s. 

Along the track scanning was done from the incident edge, and all tracks 
of approximately twice minimum were followed to the end of their range. This 
scanning technique introduces no bias in size or type of stopping found. The 
K, events were identified by grain count versus residual range. Table I gives 
a compilation of all K™ stoppings observed to date. For each prong the mea- 
sured range, or g/g), and the corresponding energy is given. The total visible 
and binding energy per star is also given. 

Among the 22 K stars, we have observed 6 definite cases of 7-meson 
emission and 3 additional probable cases. One definite case of hyperon (27) 
emission has been observed with 3 possible additional cases. 

In the above compilation there are two events which deserved special 
attention. Events Ky and K,, each have two prongs emitted which are colinear 
to within our accuracy of measurement. In the work done at M.I.T. and 
Harvard [2] two additional colinear events were observed. In the following 
discussion we will consider these four events. Each event has one lightly 
ionizing prong, presumably a z-meson which leaves the stack, and a dark 
prong which ends. In two of the events (K,. and K,,,,) a fast L-meson is 
emitted from the end of the dark prong, indicating that this prong is due to 
a X*-particle. In the other two events, K, and K,ma: DO visible secondary 
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TaBLE I. — Compilation of K~ stoppings. 


| ] 
| Prong | Bene a Visible 
Event and Fare ae 9/90 M | + Binding Comments 
| Identity (5) | ha SR Energy (MeV) 
| 
| SN IAA 
| 
Wi Lp 174 Bal 13 
|2 p 600 10.5 18 
3p 275 6.7 | 15 
4 p | 670 11.2 19 
5 p | 18900 75.6 | 84 
6 143+7% 62 200 
| 349 
Ka |1 an 695 12.7 (1) and (2) coli- 
|2 r 11.31+7%| 75+11 | near - see discus- 
| | | sion below 
RETE pr e a = 
Kes | asp 2200 222 30 
12 2p ‘> 11700 > 57 > 65 
3 <p 87 3.3 MN 
4 p 1000 14.2 | 22 
\5 Pp 3110 27. | 35 
6 p | 7920 46 54 
| 
| | > 217 
iL dp | 3 350 28.2 36 | 
36 i’ 
BAL 513 9.6 18 
2 p | 36 Les 10 | 
Bio ees 792 eS (254° | > 20 
4 nor (p) | 1.444+7%| 60 | 200 If p, E = 220 MeV | 
> 248 | 
1.500) 10 IMI | 64 2.7 ll 
DR | 18700 30 | 170 
Sant | 1 | 
als 
—— : = Î 
Keon 1 tp > 7280 44 52 
52 
(*) Energies are computed on the assumption that all prongs are protons unless other- 


wise stated. 
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TABLE I (continued). 


| Prong | | Visible | 
Event and | EES | G/9o rai | + Binding | Comments 
| | | == || 
| | Identity (| (um) | aN) | Energy (MeV) | 
| = = — aaa | = | ae tae in ae 
Ka tp 8000 46.3 | 54 | 
| SESTO 25 1.5 9 
| |4 p 1220 | 15.8 24 
| 5 p 21000 80 88 
| | | | aa 
| | | 184 
RR ap 19 13 9 
: 2 p 2750 | 25 33 
| | 
| | 42 
| | 
Ke Lp 23 | AVI 9 
|2 n | (1.31-47%| 75 215 
| | 
| | 224 | 
RL. ore: 4 1.13+7% 93 233 assuming 7 
| | | 
233 
Teo | ds 2 2 | 
| 2 p 70 2.9 | ll | | 
3 x or (p) 1.60+7%| 50 190 | Itp, E = 175 MeV 
> 201 
| il 
Ka | 0 0 K,, blob at end 
0 
egg Ao | 84 3.2 i 
2001 2 
=> Ul 
Eee por (2) | 5630 38 46 Scatter (or decay) 
2 p | 216 5.7 14 | of prong 1 by 49°. 
3 p 445 8.8 Ei | Rye. = 4000 pm 
Me 


ye 
VU 
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TABLE I (continued). 
Lago SI IAN | | A | Visible © 
Event and ( ee 9/90 | si | + Binding Comments 
| Identity (*) di | | ee | Energy (MeV) | 
| | | | | 
Se rei 3720 13.1 153 
2 p 1850 20 28 
Sep | 326 reg 15 
4 p 203 5.5 14 | 
“e 
| 210 | 
| Ky | 1 p 23.5 nani 9 | 
200 763 led 20 
| 3 p 420 8.6 | 1) 
\4 p 682 11.3 19 
| 
| | 65 
| 
Kg |1por(X)| 815, 12.5 20 | Prong (1) (M= 
2p | 104 | | 3.7 | 12 | 1.1+0.4M,) has 
| 3 Pp | 3360 | | 28.2 | 36 two short colinear 
|4 p 208 DSi 14 | prongs at its end. 
5 p 315 TS 15 | Ranges 9.5 and 
RIO, 108 3.8 12 17 um; could be 
| _— coincidence 
| | 109 (or 27 star). 
Kz; |1 p |> 8250| ee, > 55 
2p | 181 | | 5.2 | 13 
30 223 5,8 | 14 
\4 p 125 4.1 12 
ROL 
Gal te |. 809) 14 | (1) and (2) coli- 
2° 5 adele ew Sam 4 near see discus- 
| | sion below 
| 
e o 4.000 31.2 | 39 
| eni 
| | 39 
| 
| 
Ep 17 Lal 9 
2 p 10 8 9 
ip 2160 22 30 
48 
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was emitted from the end of the dark prong, which could be due to a X giving 
a zero-prong star (*). Table II gives the measurements on these four events. 


TaBLE II. — Measurements on colinear (*) events. 
Event Prong 1 (X) | Prong 2 (x) 
di | Di Moderation | | Din | 
pes pio time in units Notes 9/9 | 
(um) 42/100 um | cf 10-11 8 | È 42/100 um 
SEZ | È. to. 
| 
Ros 809440 | —41.4 2.5 (29) secondary | — 1.1 4.2} + 413 | 
| | | 
Kxm | 579+25 2.0 | (Z*) secondary | | | 
Para SEDI | 
K, | 695425 | + 24.3 2.3 (27) no visible | 1.3147% | —245 | 
| secondary | 
Kye | 691445 2.3 (x7) no visible | 
| secondary | | 
(*) The projected colinearity of prongs 1 and 2 in all four events is better than 0.5°. | 


We would like to suggest that these four events are due to K -meson capture 
in hydrogen by the following reaction: 


om ae” 
Ko BS Sea 


From the observed range of the %+ and %” (assumed) we consider two 
cases. 


1. — K Mass from the Y* Mass. 


For events K,, and K,,,, we take the measured X* mass (2327 + 3) m, [3] 
and calculate the corresponding K™ mass by use of conservation of energy 
and momentum, This assumes that the ©* decays occurred at rest. As the 
prongs here involved are rather steep, we cannot prove this point and we 
have to consider the masses here obtained from K,, and K,mi 28 lower limits 
to the K mass. 

If the X* from K,,,, has decayed in flight, the data would be more con- 
sistent. The total moderation time for the two X*-particles observed is 
5.5-10-1! s and the X* lifetime is < 5-10-° g [4]. A decay in fligth is thus 
plausible. For events K, and K,y, we assumed that M (a+) = M(X7) and 


x *) If « strangeness » is to be conserved in the capture of a Sin a nucleus, the reaction 
SS +«p»>A0°+ n + 80 MeV may frequently give rise to zero prong stars. 
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TagLe III. — K7 and/or X* and X masses from the suggested reaction 
K- + H> > 4 x4. 


di ii 
Moe =" 9274-3)20, I] M(K~) = M(t+) = 965.5.7 [4] 
ee ee 

Ko Di > 9666 m, ANO nel 
Kees Di > 935+5 m, < 235544 -. A 

Assume My- = My+ = 2327+3 my 
Ra | (x ) | = 952+5 m, — 2338+4 
a (27) = 951+7 m, _ 2338 +6 


we performed the same type of calculation obtaining the K™ mass. These 
two events cannot be decays in flight, as no visible secondaries are observed. 


Table III-A and Fig. 1 give the 
resulting K masses. 


2. - X+ and = masses from an 
assumed K' mass. 


We assume a K mass, M(K ) 
M, = (965.5 + 0.7) m, [4] and 
analyze our data for the resulting 
S+ and = masses. Events K,, 
and K,,, give upper limits for 
the =+ mass, whereas events K, 
and K,,,2 give the & mass on the 
present assumptions. Table III-B 
and Fig. 2 give the resulting X* 
and X masses. 

The range-energy table of 
BARKAS and YouNnG [5] was used 
to perform these calculations. As 
more such events become aval- 
lable one should be able to di- 
stinguish between decays in flight 
and particles coming to rest. 


K MASS (IN me) 


600 700 
RANGE OF Z(um) 


Fig. 1. Mass of K~-particle versus range of 
V-particle for the reaction K- + H+X++ n°. 
Assumption A: M(2+)=M(X7)= (2 327 +3) Me. 
The 4 experimental & ranges and their cor- 
responding K masses are shown. 


388 W. W. CHUPP, G. GOLDHABER, S. GOLDHABER and F. H. WEBB 
It is interesting to note that if the above interpretations are correct, it 


implies that 4 out of 34 K (*) mesons have stopped in hydrogen in the emul- 
sion, If we take 35% of all stoppings [6] to cccur in the light elements (CIOs 


3 


2500 


2400 


My- =M3=965.5 


2300 


Z MASS (IN me) 


2200 
500 600 700 800 900 
RANGE OF E(pum) 


1000 


Fig. 2. — Mass of + and XY versus range of X-particle for the reaction K~ + H > 
> Zt + nf. Assumption B: M(K~) = M(t) = 965.5. The 4 experimental © ranges 
and the corresponding XY* and Y masses are shown. 


N, H) and if we assume that the Z law for z and u- stoppings [7] applies 
in this case, we get G, =0.357, where 


An)Z 2a 
pa (On/ Au) Zax ae 0.185 


(00Zol40) + (00Zol4o) + (05Zx/4x) Pa 0c + 00 + On I 


as the fraction of stoppings in hydrogen. Thus G, = 0.064 or 6.4%, which 
is consistent with the observed number (within the poor statistics). This does 
imply, however, that the effect observed by PANorsky, AAMODT and HAp- 
LEY [8] for r--mesons, in which a 7--+H mesic atom moves close to a carbon 
or lithium nucleus and then transfers the x to the heavier nucleus, does not 
apply to K -mesons. 


This work was carried out under the auspices of the U. S. Atomic Energy 
Commission. 


(*) Two colinear events were found in 22 stars at Berkeley and 2 in 12 stars at 
Massachusetts Institute of Technology and Harvard. 
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In order to study in detail the various modes of decay of K-mesons and 
their relative frequencies of occurrence, an emulsion stack was recently exposed 
in a magnetically analyzed beam of positive secondary particles from the 
Berkeley Bevatron. 

A stack of 100 emulsions, each 10 in. x 16 in. x 400 um, was employed in this 
investigation. The stack was exposed to particles emanating at 90° in the labo- 
ratory from a $in. x fin. x fin. tantalum target bombarded by ~4-10” protons 
accelerated to an energy of 6.2 GeV. The magnetic channel, which was 3 m 
in length, was adjusted to select and focus particles having an average 
momentum of 330 MeV/c. This corresponds for K-mesons to an average 
time of flight before entering the emulsion block of 1.5-10-8 s. The stack 
was placed so that the beam entered near the center of the long side, 
parallel to the emulsion plates and to the short side of the stack. 

Immediately following the exposures, the mean density of the stack was 
determined as 3.85 g/em*® with an estimated variation in parts of the stack 


(+) This work has been supported in part by the joint program of the Office of Naval 
Research and the U. S. Atomic Energy Commission. 
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of --0.04 g/em*. The emulsions were processed in the usual way and sub- 
sequently aligned for the quick tracing of particle tracks from one emulsion 
to another. 

The scanning of the plates was begun and directed so as to include the 
area where beam particles of — 1000 m, mass would reach the ends of their 
ranges. In a total of 35 plates 383 K-particle track endings were observed. 
It is the object of this communication to give preliminary results on the types 
of K-particles composing this beam and the relative frequencies of occurrence 
of the different decay modes observed. 

From the scanning data, a phenomenological classification of these events 
based on the appearance of secondary particle or particles was made. Those 
events with three grey secondaries appearing to be coplanar in the emulsion 
were immediately classified as 7-mesons, and during the scanning 36 7-events 
were observed. The remaining 347 K-particles which decayed into single 
charged secondaries were divided into two groups, those with grey secondaries, 
and those with minimum secondaries. Events in both groups have been ana- 
lyzed and, where possible, the secondary was followed to the end of its range. 
Among the grey secondaries, six proved to be pions, thus identifying the event 
with the so-called 7'-decay, and one was shown to be a muon, thus identifying 
this event as an example of a K,, decay. 

Because of the long range of particles at minimum ionization, special cri- 
i teria were adopted in the analysis of the K-particles having lightly ionizing 
i secondaries. Those K-particles were selected that had secondary tracks whose 
î dip angles were less than 8° and whose direction was such that a range of at 
i least 12 cm and a traversal of at least 20 emulsions was possible. Not all the 
) pion and muon secondaries so selected could be followed to the ends of their 
j ranges, but most could be followed through a sufficiently long distance to 
make possible their identification. 

Thus far, five secondary particles have been followed until they came to 
rest. The details of these events are presented in Table I. The first four 
events may be associated with the K,, particle which decays according to 


the scheme 

(a) Kia vd 

The fifth event may be attributed to a K_, particle which decays according 
‘to the scheme: 

\(0) piane AE 

In addition, ten secondary particles have been followed for a sufficient 


Pence in the stack such that measurements of blob density and/or multiple 
‘scattering could result in a fairly unambiguous identification of the decay 
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TABLE I. — Events with secondaries followed to the ends of their ranges. — 
R f dentificati K-Particle . 
| pi a per Identification s K-Particle Mass (m,) | 
i Secondary | of Secondaries Mass (*) | 
| . of Decay (from momentum and 
Event | (em) by Behavior è cP (m, | 
| Scheme of range measurements, 
| (accurate at End K.Particles (from lativoto Mi 06010 
| to 1 mm) of Range TL BE UCIOE | of detay) di weak e) 
i 0 u-e decay Ko 945410 966 +25 | 
i | 20.5 pe» Kyo 962410 958+25 | 
ES | 20.6 ue» Bri 965410 966 +25 | 
Kia | 204 u-e > Ke 959-410 955+25 
Kiel IL6 Th» Kes 965+ 7 964-425 
| (*) The mass values are calculated using the Barkas range-energy curves normalized to our 
| emulsion density. 


scheme. 
in Table IL 
K,,. particle. 


The data on these events have been summarized and are presented 
The first seven events may be identified with the decay of the 
The next two events may be associated with the K_, decay. 


TABLE II. — Events with secondaries that left the stack. 


ap \& 1a 8 is E fa_ | 
Si, SE05 eect | faigi 
tt 338 eae 3353 PEECR Remarks 
ix Basa = E g Bo | 
È È B_ 8 | Ads 

Ki 10,1 | go }22 +8 | 9784585 

K, | 122 | pw |204-+1.1) 949-425 | 

Kg Dei UW 20.2 +2.0. 929+25 

Kg 14.1 u 20.2 +1.1| 966425 

K, 12.0 wp | 20.6 +1.7) 934425 | 

Ky | 163°) | 19.7 40.6) 965425 

Ki; | 13.7 | @ | 18.9 4173) 927-425 

Ke 11.75) n |11.75t%® | 961425 | Residual range estimated to be 300 um. 

_ The mass of the primary determined 
from the K,, decay scheme is 
969+7 m,. 

Ke, TT T | 11.7 £1.6 918+25 | Secondary was inelastically scattered 
| i in flight, producing a 2+1p star. 
| The mass from g.d.+ pf was 
| (148 +22) MeV. 

Ki, 2.2 IS — 979+25 | At decay, secondary has pf = (76+ 
| +11) MeV/e, I/Iin = 1.06+0.05. 

Kofi 

Kay | These tracks became too steep to make following worthwhile. The dip 

ni | angle was too great for reliable measurements. 

20 
J 


vd 
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The secondary of one of these interacts in flight. The last event has a minimum 
I secondary of electronic mass as determined by multiple scattering and spe- 
cific ionization measurements and may be identified as an example of the 
decay of the K,, particle. 

Among the K events with near-minimum secondaries that have been ana- 
lyzed, no example of K,, decay has thus far been observed. In order to 
increase the probability of observation of these apparently very rare events, 
the search is now being extended to include more events with light secondaries. 

The above analysis shows that the « K beam » of the Berkeley Bevatron 
is composed predominantly of particles decaying as K,,, with one part in 
four of K,, and a small admixture of K,, and K,, particles. This result appears 
very similar to that observed in cloud chamber investigations of the cosmic 
radiation after a time of flight for K-particles of — 1078 s, and in emulsions 
(G-Stack) after a time of flight for K-particles of the order of 10 s, and must 
indicate similar, if not identical, lifetimes for the K-particles. 

The masses of the K-particles in Table I were determined in two inde- 
pendent ways. The values given in column 6 of Table I were determined by 
comparison at a given momentum of the ranges of the K-particles with the 
ranges of 7-mesons. The values given in column 5 were determined from a 
knowledge of the decay scheme and the Q-value of the decay. The mass values 
given in column 5, Table II, were determined by the first of these methods. 

The averages mass values determined from the decay schemes are 
(958 + 5) m, for the K,, (from K,, K,, Ki, K,,) and (967 + 5) m, for the K_, 
(from K,, and K,). The average values determined from the momentum-range 
measurements on all the particles in Tables I and II, based on a 7 mass of 
963 m,, are (953 + 8) m, for K,, and (948 + 15) m, for K_,. All errors quoted 
are standard deviations. 

As reported elsewhere in the conference, the best M.I.T. value for the 
average mass of all K-beam mesons, based on M,, = 963 m,, is (958 + 5) mg. 
From the data of the present report, on the abundance and mass of the K_,, 
the mass determined for all K-particles must be equal to the K,,, mass, within 
a few mass units. 

Within the errors of these measurements, $--1%, there is no difference 
in the mass values determined for K,,, K,, and 7-mesons. 

A more complete and detailed account of this investigation wil appear 


in the Physical Review. 
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In the large emulsion stack mentioned elsewhere in the conference, an 
area scan was made for K*- and 7*-mesons. 

The exposure was taken with a tin. tantalum target. Momentum is constant 
on each plate but a correction for momentum variation across the plates has 


TOTAL K's 24 
TOTAL T’s 


NO) 
D li 


la ETA ae Ter 


28 32 36 
RELATIVE RANGE 


ines, al 


(*) This work was supported, in part, by the joint program of the Office of Naval 
Research and the U. 8. Atomic Energy Commission. 
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been included by comparison with proton ranges. The number of particles 
stopping as a function of the distance from the edge of the plate is plotted in 
the accompanying figure for 245 K+- and 27 7*-mesons. The values calculated 
below are for 344 K*°s and 36 7*’s. A K*-meson is defined as one decaying 
into a minimum ionization particle, while a 7*-decays into three 7+-mesons. 
The average values for the K+ and 7* curves are 44.0 and 43.4 relative range. 
The root mean square standard deviation of our experimental distribution is 
+ 2.5 units relative range for an individual case corresponding to mean values 
of 44.0+0.12 for the K* case, and 43.4 + 0.4 for the tt. The difference 
in ranges is (5 +5) m,, with the t* mass greater than the K* mass. 

It should be noted that the area scan covered only the 36 to 52 relative 
range region, as it was assumed that for sufficient statistics the K*— 7* range 
comparison would not be appreciably affected unless there were a different 
mechanism of interaction for each. 

An independent mass can be obtained by comparing the K and proton 
ranges. Corrections were made for air path, packing material, orientation of 
the particles in the stack, and the difference between projected and real range. 
This gives a K* mass of (967 + 7) m, assuming constant ionization potential 
for emulsion in the range of ionization potential 310--370 eV. 
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A stack of 2 in. x4 in. x 400 um plates was exposed to a K” beam at Berkeley. 
The plates were scanned for incoming beam tracks of the grain density approp- 
riate to K -mesons of the selected momentum. These tracks were followed 
until they left the emulsion or ended. The identification of the tracks was 
verified by grain density and scattering measurements. Table I summarized 
the data. 

Twelve K -mesons have thus far been followed to the end of their range 
in the emulsion. One of these gave a zero prong star; the others ended in stars 
with 0--8 black prongs. Six of the stars included a minimum outgoing track. 
In two of the stars, a heavy, charged unstable particle emitted and decayed 
in the emulsion. All other heavy tracks ended in the emulsion without giving 
secondaries, except for one which left the stack. 

In two of the stars, a single minimum ionizing particle and a single heavily 
ionizing particle were emitted at 180° to each other. In one of these, the heavily 
ionizing particle decayed in the emulsion, in the other, it came to rest without 
yielding a secondary. These can probably be interpreted as interactions of 
the K™ with a single nucleon, either hydrogen or an edge nucleon. 

In ten cases in which no charged hyperon was seen, the observable energy 
was sufficiently low to allow the emission of a neutral hyperon. 

These results on the nature of stars produced by stopped K~-mesons are 
not inconsistent with those found by HorNBosTEL and SALANT at Brookhaven 
National Laboratory. 


K decays and interactions in flight are discussed in a separate rapport 
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TaBLe I. — Summary of stars. 
Event| No. Light T 
of black Fate * 15 Ls a | 
No. | Si (Meson) Comments 
| | r j | 
9 8 | All end in emulsion without 0 — 
| giving secondary. 
14 2 » 0 
15 3 » 1 — 
20 3 » 0 Also one short elec- 
tron track. | 
21 di » 1 — 
| 
27 1 Ends in emulsion without | il The two tracks are at | 
| giving secondary. 180° to each other. 
| 
| 
34 | 5 | Four end in emulsion wi- | 0 = | 
| thout giving secondary. | 
One goes out of stack. | 
| 
36 | 0 — 1 Also an electron track. | 
38 | 1 Decays at end of range in | 1 | The two tracks are at 
| emulsion. 180° to each other. , 
42 | 2 1 decays at end of range in | 1 — 
| | emulsion. 1 ends in emul- 
| sion without giving secon- 
| dary. 
43 | 3 All endinemulsion without 0 = | 
| giving secondary. 
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1. — Introduction (C. F. POWELL). 


I have been asked by my colleagues to say a few words of introduction 
to a number of papers which are to follow; these describe the results of a col- 
laboration between a number of European laboratories in the study of unstable 
particles by means of a very large stack of stripped emulsions which we refer 
to as the G-stack. 

About a year ago it became apparent that there would be great advantages 
in employing a very large stack of emulsions for studying the different modes 
of disintegration of heavy mesons. Such a stack, for example, if large enough 
to arrest a substantial fraction of the secondary particles, would enable their 
nature to be established from their observed mode of decay, and thence their 
energy from the measured range. In the case of those modes in which the 
parent heavy meson decays into two particles only, accurate values of the 
mass would follow by an application of the conservation laws. 

In the conditions which prevailed at the time, it was necessary to solve 
two principal technical problems in order to take advantage of the above 
possibilities. First, it was necessary to be able to process emulsions of much 
larger superficial area than had been hitherto employed, and to do so with 
a high degree of reliability. The essential point here is that the loss of a single 
emulsion in a large stack breaks a sequence and, in effect, divides the stack into 
two parts. There is a resulting loss in the advantages the stack was designed 
to secure. It therefore becomes very important to process emulsions without 
serious reticulation, the principal cause of failure. The processing of a stack 
of volume 15 litres is an exercise in small-scale chemical engineering, and the 
technical difficulties were overcome, and the necessary equipment assembled, 
by July of last year. 

The second technical problem was to expose the large stack at great altitude 
by means of a constant volume balloon. The load of the proposed stack and 
its associated equipement was several times greater than any of which we had 
previous experience, and this made it necessary to develop new methods of 
launching. 

Because of the expense of very large stacks, and the hazards of the enter- 
prise, a collaboration was established between the Universities of Bristol, Milan 
and Padua, and an expedition was made in Northern Italy during October 1954. 
A large number of stations equipped with theodolites and radio-sonde or radio- 
wind apparatus, were established — south of the Alps, in the Po Valley, and 
along the line of the Appenines — to ensure that the balloons should be con- 
tinuously under observation during their level-flight at high altitudes and that 
there should be an accurate location of the equipment during the descent. 
The latter feature was important because of the possibility of the stack falling 
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in unpopulated regions of the Central Appenines, or at sea. If the point of 
descent is known within narrow limits, the chances of recovery are greatly 
improved. 

The main stack was launched from Novi Ligure in early October. It con- 
sisted of 250 sheets of emulsion each 37 x 27 em? and 600 um thick, total weight 
63 kgm. The total load was about 300 Ibs. The balloon, of which the volume 
when fully inflated was about 4000 m°, ascended at a speed of about 700 ft./min 
in the initial stages and eventually reached an altitude of 84000 ft. in the 
course of about 2 hours. During this period, it moved southwards and out 
over the Gulf of Genoa. After reaching maximum altitude, it drifted slowly 
towards the east, and at the time of «cut-off», after a flight of 8 hours, it was 
at about 78000 ft. and over the Central Appenines near Berceto. 

Through a failure of the parachute, the stack descended at high speed 
and suffered some damage through impact with the ground, about 10% of 
the emulsion being shattered. The stack was processed however, and it was 
found that the damage had not seriously reduced the probability of arresting 
the secondary particles of greatest range — those of 20 cm from the decay 
mode K,. The stack was divided among the contributing laboratories, and 
among other colleagues in the Institute of Advanced Studies, and University 
College, Dublin, and in the Universities of Copenhagen and Genoa. 

The papers which are to follow describe the results obtained during the 
first four or five months examination of the plates. In presenting the material, 
it seemed that there would be many advantages in putting together into @ single 
paper, the results obtained on the same subject in the different laboratories, 
rather than give separate papers from each. It is clear that this procedure 
will reduce greatly the demands on the time of the conference, and it has been 
adopted in the case of such subjects as the secondary particles from the decay 
modes K,, and y, and the relative frequencies of occurrence of different modes. 

There are, of course, difficulties in establishing a successful collaboration. 
It takes time for standard procedures to be worked out, and to be put into 
general use. But, we have found that the advantages greatly outweigh the 
difficulties. In particular, we have not found the collaboration onerous or that 
it tends to inhibit the flow of new ideas. On the contrary, the friendly mutual 
support has seemed to us to result in an easy relation between the different 
laboratories which has tended to release and encourage individual initiative. 

In his opening remarks, Professor SCHEIN was kind enough to suggest that I 
had been largely responsible for establishing the collaboration. I must make 
a disavowel here. Of course, the work has been promoted by the joint efforts 
of a great many people, but I think my colleagues and I will all agree that if 
anybody has played a distinetive and leading part it is Dr. MERLIN. He played 
a very important role in the early days during the discussions on the feasibility 
of flying a very large stack; throughout the expedition his enthusiasm and 
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tris confidence in a successful outcome were of the greatest importance; and 
finally, his drive and enthusiasm in the period of the examination of the plates 
were largely responsible for the fact that the whole enterprise was brought to 
a successful conclusion. We are all of us greatly in his debt. 


The K,,-decay (reported by M. MERLIN). 


2°2, — As the main purpose of the G-stack was to obtain information on 
the secondaries arising from the decay of the heavy unstable particles, we 
have concentrated our efforts and scanning power along these lines. In this 
communication, we shall not give any details of the methods employed in our 
scanning and we shall rather concentrate on the results which have been 
obtained. 

Among the first three hundred decaying heavy mesons which have been 
found, we selected those in which the secondary particles had in the stack 
directions and orientations which permitted them to be followed for consider- 
able distances in the emulsion and, in many cases, to the end of their range. 
In this way we have been able to classify the events according to the nature 
of the secondaries. The results can be divided into three sections which will 
be treated in three separate communications. Finally the relative frequencies 
with which the various modes of decay of the heavy mesons are observed to 
occur, will be discussed. 


2°92, — We have observed 22 K-mesons, which decay at rest to high energy 
secondaries which can be identified as p-mesons. In some of these events the 
secondary particles come to rest in the emulsion, whilst in others they leave 
the stack and must theretore be identified by combined scattering and ioniz- 
ation measurements. 

The results are summarized in Fig. 1 which contains all the information 
about the observed and estimated ranges. 


2°3. Stopping secondaries. — There are 6 secondaries which have been observed 
to stop. All of these, when they come to rest, decay with the emission of an 
electron, and we therefore identify them as u-mesons. It is not possible to 
conclude, on this small number of tracks, that these secondary p-mesons are 
all positively charged from the observed presence of the decay electrons since 
negative u-mesons frequently decay at rest. 

The ranges of these secondaries are recorded in Table I. 

Since all of these are consistent with a unique value of the range it would 
appear that we are dealing with a 2-body decay process. The mean range 
of these secondaries is (20.52 + 0.33) em or (78.5 + 1.3) g/em? of emulsion. 
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Fig. 1. 
TABLE I. — Ky-secondaries coming to rest. 
PRIMARY (*) SECONDARY 
UP Geome- | Length | N Energy at | 
Event Range | Parent | Associated| trical |per plate Range 3a 
( ; i i at of ) emission 
em star events ength | emission 3 em 
ae (mm) | Plates (MeV) 
| Breg 27 15-20 = 23 2.5 32 | 20.17.73 1082200 
= la | 
DuUC,, AZIO =: = 20 2.5 51 20.99 -+.76|155.5+4.4 
Pd, 2761. — = 25 2.5 116 |20.55+.74|153.2-+4.3 
| des 2.40] 18-=5n 0 \|\78=,7 24 2.2 126 20.474.74 | 152.1+4.3 | 
| - | 
Ed 6.60 4+-Op ar PAS) Dee 59 19.56+.71 | 147.6+4.1 
= — e | 
RUE 1.85 8+4n in, ghee 27 5.0 33 21.38+.77 | 157.6 +4.5 
(*) The meaning of the symbols used in column « Associated events » is the following: 
at, bd, cX = from the parent star: a tracks were identified either by following them until 
the end of their range or by combined scattering and ionization measurements; the K-par- 
ticle is included in a; 6 tracks were followed until their exit point from the stack; 
c tracks were not followed. 
Data reported on primazy tracks are not discussed in the present paper. 
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2°4. - I would like now to make a short digression to give a brief picture 
of the corrections we have had to apply and of the various effects which have 
contributed to the assessment of the errors quoted. The sources of error, and 
correction which have to be made, can be listed as follows: . 


— Tissue used in separating the emulsion sheets. 

Each sheet of tissue paper used in separating adjacent emulsion strips, 
is equivalent in stopping power to an extra 4 um of emulsion. This correction 
has been applied. 


— Emulsion thickness. 

The mean emulsion thickness during exposure has been calculated from 
the very detailed data kindly supplied by Mr. WALLER of Ilford’s. We have 
also considered the effects of the known fluctuations of the thickness between 
the different plates and find in the present investigation that this is negligible. 


— Distorsion of the first and second order. 

In the conditions of the present experiment, since we are dealing with long 
tracks, the effects of distorsion on the measurements of range tend to com- 
pensate over the large number of plates crossed. 

— Difficulty in estimating exactly the exit point of a track from the emul- 
sion surface. 

This is not a large effect, but however not negligible, and we have allowed 
a statistical error of 1.5% to take account of this uncertainty. Measurements 
are in progress to define more precisely the value of this error. 

— Etching of the surface of the emulsion during processing and abrasion 
after processing. 

Measurements are in progress to determine the true value of this correction. 
The figures here presented have not been corrected to take account of this. 
The correction when applied will tend to increase the range values quoted. 

— Straggling. 

This is certainly the most important source of uncertainty in the estimation 
Using the figures of BARKAS, we have taken as standard 
deviation on range a value of 3.2% for y-mesons of about 20 cm range. 

Combining the various errors listed above we arrive at a figure ol 3.07, 
as representing the uncertainty in range to be assigned in each event. 

Since further measurements are still in progress to determine more precisely 
the magnitudes of these corrections and errors, it must be emphasized that 
these figures are preliminary and the final mean value of the range and its 
error must await the completion of these calibration experiments. 


of the mean range. 


2°5.- To convert from ranges to energies We have used the curve of BA- 
RONI et al., normalized to the point given by the mean range of y-mesons from 
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the mu decay. The ranges of 104 u-mesons from m-y decay have been mea- 
sured, accepting only flat mesons and using the data of the original emulsion 
thickness supplied by Mr. WALLER. The mean range of these y-mesons is 
(605.9 + 2.9) um. Comparing this with the Rome group curves, we find that 
we must reduce the energies obtained from them by (0.74 0.2)%; further cali- 
bration is in progress to determine a more accurate value for the mean 


u-meson range. 

The energies corresponding to the measured ranges of the K,, secondaries 
are shown in the table above. 

The mean energy for all events is: 


E = (153.0 + 1.9) Mev. 


The error quoted corresponds to the combined errors on the range, as pre- 
viously described, and that on the normalization of the range energy curve. 

The mean energy is close to that obtained by the École Polytechnique 
Pie du Midi group for the K,-decay, and we therefore assume that we are 
dealing with the same type of events. The decay scheme can then be written as 


RE, 


where the evidence of the Paris and MIT groups has established the probable 
nature of the neutral particle. 
Assuming this decay scheme, we find that the energy release is 


Q = (390 + 3.5) MeV, 


and for the mass of the parent particle 


Meus os (969 Sie ) mM, 


However, it must be borne in mind that there is as yet no experimental veri- 
fication of the range energy relation in the region under discussion, and it is 
possible that the shape of the curve of BARONI et al. may not be correct and 
therefore also the mean energy quoted above. As an illustration of the ma- 
gnitude of this effect, one can consider that if the true energy corresponding 
to a given range lies 2% from the theoretical curve, then the mean u-meson 
energy will change by 3 MeV and the mass of the K,, by 12 m, from the values 
quoted above. 


2°6. Non-stopping secondaries. - These events have been divided for con- 
venience into two groups, one including all those events in which the observed 
track-length of the secondary exceeded 10 cm and another in which each 
secondary had an observed track-length lying between 5 and 10 cm. It is pos- 
sible to decide at once that the members of the first group are not examples 
of the t'-, Kg- or y-modes but could be due to x or K,,-decays. Those be- 
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longing to the second group are not due to 7'- or Kg-decay and must therefore 
be assigned to the y, x or K,, categories of decay. 

To distinguish among these remaining possibilities, measurements of mul- 
tiple scattering and ionization have been made at various points along the 
track segments. In this way it has been possible to identify several events 
belonging to the second group as examples of the y-mode of decay and these 
will be discussed later by Prof. O’CEALLAIGH. The remaining events in this. 
group and all those in the first group appear to be consistent with the inter- 
pretation in terms of a u-meson of unique energy and full details are presented 
in Tables II and III. The errors quoted on these events and on the mean value 
are the statistical errors generally used in these measurements, and in the case 


From all these events we find that, 


of the longer tracks include straggling. 
the mean energy at emission is 


E= (152.2 


+2 


2 


2) MeV, 


and the corresponding mass of the parent particle 


Mg, = (966 + 8) m,. 
Tare II. — K,-secondaries with length > 10 cm. 
PRIMARY (*) SECONDARY 
= Les 
| isa. |See_| N Obser. | Estimated| Energy 

E 7 t cel | ae (ded ea Ni 5 . ‘ DI 

nm \Range] Parent | ni EBELICRE EI of | length |total range) emission 

A det sie Boe AE plates) (cm) (cm) (MeV) 
5 4 
Bro a=) | 340K -- 14 | 65 | 21 | 14.15 | 19.541.0 | 147+6 
Broo 3ax\Mo-kop.| 84,2 29 | 19.0 18 | 16.20 | 19.241.1 | 14426 
+1. 48 +6 
DuAS, | 1.47 —- — 14.50 | 19.6+1.0 | 148+ 
GeMi = = 18 2.2 40 17.63 | 21.5+1.0 | 159+6 
70 
GeMi = = 27 5.5 50 14.94 | 19.4+1.5 | 147+9 
72 

Pd 1.93 6+2p gt 15 6.0 12 14.73 | 19.6+2.0 | 148+11 ! 

53 $ 
Pd 3.33 | 15-+0p 15+ ila 4.5 | 30 14.10 | 21.3+2.1 | 158+12 

82 È 
Pd 463 | 17 6p 16,27, Or 20 5.0 | 67 18.55 | 20.9+1.1 | 156+6 
P:d50 i 2 
Pd 3.94 Web dts 330) e Zale || al 14.45 | 19.1+1.4 | 144+8 

126 . 
Pd 0.15 1+0p par 26 gal 16 11.80 | 20.9+1.9 | 156 +11 

130 È | 


(*) See note (*) on Table I. 
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TapLe IIL. — Ky-secondaries with length 5--10 cm. 


PRIMARY (*) SECONDARY 
a ie | 
Ev Asso. [244 Ee È N. |Observed Estimated Energy at, 
ivent Rane Parent Fico la So | | | ici 
; nge| arent | ciated: |o 3 ERGE El of | length total range emission 
(n Bens events BS 387 plates! (cm) | (cm) (MeV) 
| i È 
Brea 0.90 | 12+4p = 32 | 49 | 11 | 5.87 \-19.9+1.7 | 150-410 
DuAs, |> 3.90) — — 6 5.6 3 5.60 23.0+2.0 | 166412 


DuAS,,| 3.94 | 5+2n|3+, 1*| 9 | 04 | 16 | 6.70 |21.5+2.3| 15942.3 


DuAS,,| 0.99 | 11+6p | 6t, 4>*| 9 | 03 | 32 | 9.11 |20.0+3.5|150+20 
| 


DuUC,| 0.95 | 5+3n| 8+ 9 | 50 | 12 | 5.11 | 22.242.0| 163412 


Daci 24 0n i 9 | 6.0 | 11 | 6.23 | 21.6+41.5 | 160+9 


(*) See asterisk on Table I. 


Here again the situation concerning the choice of the scattering constant 
is similar to that concerning the range energy relation. We have assumed 
the calculated values of the scattering constant to be correct, but until further 
calibration has been carried out there still remains an uncertainty in the correct 
choice of the constant. If for example the assumed scattering constant were 
different by 2% from the true value in this stack the effect would be to change 
the mean energy by 3 MeV and the deduced mass of the K,, by 12 m.. 

It can be seen, however, that both the range and scattering measurements 
give independent estimates of the energy which are in very good accord in 
spite of the possibility that the assumed range energy relation and the assumed 
scattering constant may differ slightly from the true values, This agreement 
is somewhat surprising if both are seriously in error since it implies that the 
independent discrepancies operate in the same sense and by the same amount 
in changing the calculated energy from the true value. 


3. — y-particles (reported by O. O’CEALLAIGH). 


The y-meson was first defined as a heavy meson which, decaying at rest, 
gives rise to a charged r-meson of unique energy equal to (1164-5) MeV, and 
a neutral particle (probably of mass < 300 m,) [1]. Since then evidence from 
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plates and from Wilson chambers has accumulated, and has led to ascribe 
to the y-meson the decay scheme 


i) xe->nat+rn49Q 


and a mass not far from that of the t-meson [2]. 
A detailed representation of the events is given in ideographic form in Fig. 2. 
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Fig. 2. 


We may summarize the information presented in the ideogram as follows. 
1) All stopping secondary particles are positively charged. 


2) The 4 particles which came to rest in the emulsion without any de- 
tectable accident were found to have ranges comprised between 11.23 and 
| 12.07 cm, with a mean range of (11.78 + 0.23) cm. Using for this purpose the 
| range-energy relation of BARONI et al. suitably modified as already described 
by MERLIN, we find for the corresponding energy (108.4 + 1.3) MeV, and for 


| the mass of the y-particle, according to scheme (i) M, = (965 © 5) m,. “The 


27 - Supplemento al Nuovo Cimento. 


408 G-STACK COLLABORATION 


details concerning these events are given in Table IV, which contains also a 
5-th event, GeMi,,, which will be mentioned later. 


Tape IV. — y-secondaries coming to rest. 
PRIMARY (*) | SECONDARY 
| | 
| lg Bata aN Estimated 
Asso- 264 |P8&8_| N | a 
Range) Parent eed Boba 4 oF a] ot | Range energy at Remar 
Event (em) | star = 838° EEE a) n (cm) emission 
vents | a&~| plates| | : 
events |¢6 Pg | plates | (MeV) 
[©] ia | 
| | 
|DuAS,,/> 3.0) — = | = 7.0 | 17 |11.87+.40| 108.8+2.5 Pe 


|Pa, | 1.96 |12+4p|11},1> | 25 | 12 | 81 |12.07+.41| 110.0425 = 


| Pag. | 1.38 |27-+29,(20+,5,731%| 17 | 5.0 | 36 |11.93+.41| 109.1425 | -- 
| Y-Pd; | 


Beds 82 — -— 19 | 6.0 17 |11.23+.38] 104.842.4 — 


106.2+4.5 | Under- 

| from the ranges, goes 

| of x and p | elastie 
106.8 +4.7 collision 

from the mo- with a 

| | mentum balance proton 


Meemi |= 2.6) — = 


bo 
bo 
bo 
D 
bo 
(0.9) 
— 
= 
~I 
(0 0) 
He 
dI 
“I 


(*) See asterisk on Table I. 


3) There exists a number of particles which could not be followed two 
the end point of their range. They have been identified as 7-mesons by mea- 
surement of scattering and blob-density. 


From the experimental values of pe of these particles, using values of the 
scattering constant at present accepted as being appropriate to the method 
of measurement, we obtain estimates of the energy of emission. The mean value 
is found to be (108.2+1.2) MeV and the mass of the y M,= (965+5) m,, 
completely consistent with those derived from the mean range of the stopped 
y-secondaries. These estimates of energy at emission are independent of each 
other, at least to the first order. 

The list of these events containing the available information, is given in 
table V. 

Perhaps a more stringent test is afforded by the corresponding measure- 
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ments on the secondaries of K,, events. Here again, as already described 
by Dr. MERLIN, the same agreement is found. Oviously, however, this agreement 
cannot be taken as proof that the values of scattering constant and R-E re- 
lation used are both correct, as such apparent agreement would be observed 
if the assumed value of scattering and R-E relation were both in error by 
approximately the same amount, and in the same sense. 


4) An event of particular interest observed in University College, Dublin 
(Du UC,, Table V) shows an arrested y-meson. From the point of arrest emerges 
a m-meson identified by b*/%, and also an identified electron-pair. Dynamical 
analysis, which will be given later by Mr. KEEFE, shows that the event may 
he interpreted as an example of the process 


Yea fa eS Se 


This confirms the cloud chamber evidence first described by the M.I.T. group 
which showed that the secondary neutral particle in y-decay is the 7°-meson 


yr den 


5) Another interesting observation by the Milan group (GeMi,,, Table IV) 
shows a secondary particle which collides elastically with a proton, comes to 
rest, and then decays 7 > yu + ©. Allowing for the energy of the proton, an 
estimate of the energy of emission is obtained which is consistent with that 
derived from the range of the stopping secondaries from y-decay. A fuller 
analysis will be presented later by DI Corato and SCARSI. 


6) One case was found by the Bristol group (Br;;, Table V) of a secondary 
which disappears in flight. Some uncertainty arises as to the sign of this secon- 
dary. In the energy range considered the mean free path for a z+ to suffer 
such a charge-exchange interaction is about 10 times that for a x which 
is (210 + 50) cm. : 

Thus, while the identification of the event as a case of y-decay is not ex- 
cluded, it is also possible that it represents an interaction of a e; 


7) 5 interactions in flight, similar to that already reported by the Bombay 
group, have been observed in a total path-length of 155 em. This observation 
is completely consistent with the measured mean free path for x-meson of this 
energy (PuPPI and coworkers, (30 + 2) cm). 


Uncertainty of measurement. 


The limits of uncertainty quoted are purely statistical. They represent 
ibution from various sources 


as in the case of the K,, our estimate of the contri 
— straggling ete. and these have already been dealt whith by Dr. MERLIN. 
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TABLE V. — y-se00 
PRIMARY (*) 
Geometrical| Length 
| } ‘ No 
| Event Parent Associated potential | per plate | } 
a star events length at emission 18 
(cm) (cm) (mm) ù 
Br,, 3.12 5 + Op 40 15 1.0 52 
Bros 2.6 sé tp = 13 4.0 2 
| GeMi,, >.92 = a 14 7.0 3 
GeMi,y; 2.94 16 + 8% oe 21 7.3 7 
Pda 107 22 + 2p = 13 4.0 4 
| 

Brys 3.61 18 + 20e Y Brig 4 9.0 4 
Brgy 0.52 23 + 3n = 10 10.0 9 
Brss = 4+ 10p 4+, 10X 12 5.0 20 
Brog 4.15 20 + Ip 20+, 1> 9 1.6 54 
Du, — a = 6 3.2 17 
DuUC, ae Si DI 8 2.6 31 
DuAS,, Telly 17 + 10n LOFNETaAZARION 12 DIO 31 
GeMig, .96 3+ Op ses 12 3.2 34 
GeMi,g _ — — 12 1.9 4] 
GeMig, — — — 9 9.0 § 


(*) See note on Table I. 


ng to rest. 


= 
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SECONDARY 


mom. bal. = (954+6) m, 


Estimated | Estimated pena 
total energy 
range at emission Data in columns Type 
(cm) (MeV) 8 and 9 from: of interaction 
D2784- .9 |" 11446 g* over the whole length 0+ Ox (disappears in flight) 
» (— 100) | 9* 3+ On: ~ 40 MeV 
visible Energy 
= 102+8 pB over 1.24 cm at .7 cm 4 + Or: ~ 90 MeV 
from decay visible Energy 
— 110+8 pp over 1.23 cm at 2.5 cm 3+ On: ~ 100 MeV 
from decay visible Energy 
== 106+11 pB over the whole length 2+ Or: ~ 50 MeV 
visible Energy 
Bas 108+4 pf over the whole length — 
e 118-27 pf over 2 cm at 1 cm from — 
decay 
11.7 + .37| 108+2.3 g* at 9 cm from decay — 
11.55+ .41) 107+2.6 g* at 7.3 em from decay oo 
= 11344 pf over 3 cm at 2.7 em from — 
decay 
11.65+ .41] 108+2.6 | g* at 7.5 cm Electron pair associated 
pp at various distances from | E, = 4143; Hy = a2 2 
decay 6 = 134°+1. Mass from 
11.68+ .41] 108+2.6 | g* at 11.4 cm from decay — 
12.73+ .53)] 114+2.6 | pf at various distances from = 
"decay 
11.4 + .48 106 +3 pf at various distances from sé 
decay 
Se MSI 
11.0 + .54| 10343-4 pf at various distances from — 


decay 
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It must be remembred because of the interaction of the 7-meson, that an 
additional uncertainty arises. On such long 7-meson tracks, we can expect 
nuclear interactions, some of which may not be detectable, which will tend 
to shorten the range. (This may have oceurred in the case of K-Pd,,). The 
expected distribution of x-secondary ranges will have this shape (Fig. 3). 
The distribution possesses negative skewness. Until we have a sufficient 
number of points to sketch the expected 
asymmetric distribution and to calculate 
the best value of the range at the emission, 
we prefer to give the quoted mean value 
which is probably a slight underestimate. 
In deriving the values of the ranges, no 
allowance has been made for the effect 
which has been called corrosion. This is 
a removal of an unknown quantity of the 
Fig. 3. surface layer of the emulsion by the ne- 
cessary treatment by abrasive. 
Secondly, as pointed out, the shape of the range distribution, rendered skew 
by the occurrence of interaction, has not yet been calculated. 
It is therefore important to realise that mean range for the arrested part- 
icles previously given may be systematically underestimated by an amount 
which remains to be worked out. 


3a. — Unusual decay of a Y-meson (reported by D. KEEFE, on behalf of the 
University College, Dublin-group). 


In the course of systematic scanning in the G-stack, as mentioned by 
Prof. O°CRALLAIGH, an event was observed which appears to be an example 
of a y-meson decaying into a charged 7-meson and a neutral 7-meson, with 
the subsequent decay of the latter into two electrons and a y-ray. 

The y-meson was ejected from a 2 + ln star and traversed 9.84 mm of 
emulsion before coming to rest and decaying. Range-scattering measurements 
gave for its mass a value of (900 + 150) m,. At the point of decay were ob- 
served three tracks, two of which formed a narrow pair of electrons each of 
about 40 MeV. Since it is possible that a 7°meson could be emitted when 
a K-meson decays in any of the modes x, y, +’ or Kg, considerable care was 
taken in the identification of the third particle. There were 7.99 em of track- 
length of this particle available in 30 emulsions, and scattering measurements 
along its length, and ionization measurements on the later sections showed 
the particle to be a m-meson of estimated range at emission: 


(TiS 


+ 0.7) em (ionization); (11.6 *$%) cm (scattering) . 
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(Ionization calibrations were made in each emulsion in the neighbourhood 
of the trajectory of the particle). Thus the energy at emission of the m-meson 
was (107 + 3) MeV and it seems safe therefore to identify the meson secondary 
as a m-meson arising in the y-mode of decay. 

Both electron tracks were at plateau ioniaztion; scattering measurements 
were made on each in eight emulsions. The total energy of the pair at emission 
was found to be (89-6) MeV (deduced from 2-nd differences) or (8446) MeV 
(deduced from 3™ differences). The angle between the axis of the pair and 
the direction of the 7-meson was 134° + 1°. 

These observations are completely consistent with the decay scheme 


gotta xtiretpe+y. 


This can be illustrated in two ways (which are not independent). By balancing 
ì momentum with a single photon and using the measured energies of the 7-meson 
i and electrons, the mass of the parent, K-particle turns out to be 


(959 + 14) m,. 


} Alternatively, using the measured momentum of the charged 7z-meson 
(203 + 3) MeV/c and assuming the two-body nature of the K-meson decay, 
| one can compute the mass of the neutral particle which decays into one photon 
land two electrons of (87 +6) MeV at the given angle. The value found is 
1 (260 + 8) m,, in agreement with that for the 7°meson. 

These measurements are the first reported on this type of event in photo- 
graphic emulsions, and provide confirmatory evidence for the nature of the 
neutral particle emitted in the y-mode of decay, to that of the M.I.T. Wilson 
i chamber group; they can be compared with the remarkable event observed 
by the Princeton group in which the x°-meson appeared to decay into four 


! electrons. 


| 3b. — A Determination of the mass of the y-meson by the analysis of a 
collision of its secondary with a proton (M. DI Corato and L. SCARSI, 


reported by M. DI CORATO). 


During the work for the collaboration on the G-stack we observed a 


} K-particle, whose secondary undergoes @ collision with a proton 4.14 mm 


| from the decay. After a further 10.35 cm it comes to rest in the stack giving 
positive r-meson. This event has 


i rise to the p-> e decay caracteristic of a 
| been described by Prof. O’CEALLAIGH in his communication and here the 


i analysis performed up to now is given. 
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The collision is shown in Fig. 4, which contains also the relevant information 
on ranges and angles, all corrected for distortion. 

The three tracks are, within the experimental error, coplanar and so sug- 
gestive of an elastic z-p collision. 

It it is so, by application of con- 


[Distortion vector=14ym & 
3 . 
servation of momentum and energy 


K-GeMi 29 5 
Ey wecan establish the momentum and 
%, 
ine energy of the 7-meson before and 
3 ns | . . . 
E 145-000) Mel xo, ds after the collision, and also, with some 
oy ‘ reasonable assumptions on the R-E 
relation, the energy at the point of 
eh , = 108°42'+ 1°04 decay 
=e Py = 99°48 + 1°14 de 5 ; 
ak gp, =151°29' + 11 The assumption of the elastic col- 
Bs a x; dai 2 1 
de ira Rsa lision implies the consistency of a) 
[0 /sen 8, = (2013262) MeV | the energy loss (4H), = Y Era; ob- 
tained from momentum balance, and 
? 
Fig. 4. 


b) the observed energy loss (AE))=E,; 
obtained from the range of the pro- - 
ton, in a velocity region in which the R-H# curve is well known. 

This consistency is most readily shown by a graphical method. In Fig. 5 
(AEF), has been plotted against p,/(sin 03) using 6, as a parameter, for the 

In the box the calculated and ob- 
served energy losses are consistent 
within 1 standard deviation, giving §*° exe 
support to the assumption that the 
collision is elastic. 

The best value of AH has been € 
calculated by a method of best fit (A 

5 + 8 

(2), weighting the three equations of ee ee ee a 
conservation of momentum and ener- 
gy according to the experimental er- 
rors. The calculated point is repre- 
sented by the star in the box. 

We obtain then 


\ 
ee ee 


190 195 200 205 210 220 


Er et sation == (LOL 25) MeV, 
To this we must add the energy spent by the z-meson from the deeay to 


the collision — 2.6 MeV. 


LD at emission — (107.3 = 5) MeV . 


This result is practically unaffected by the incertitude of the R-E relation. 
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values of 6, given by 0, + 40, respectively. Point A represents the value of 
(AE), corresponding to the observed value of p;/(sin 63). 

Point B corresponds to the observed energy loss (4E),. 
On the y-decay scheme the mass of the parent particle turns out to be 


M,, = (961 + 19) m5 


and the Q-value of the disintegration 


The value (1) can be compared to the value of the energy at emission deduced 
from the range of the 7-meson after the collision. From (1) we have 
7 after collision — (100 + 4.5) Mev, 


where the error is mainly due to straggling. 
Hence 


(2) E — (107.6 +5) MeV. 


tt at emission 
The corresponding values of M, and Q, are 


M, = (962 +19) m,, 


Q,= (218 + 9) MeV. 


4. — The x and K, particles (reported by M. W. FRIEDLANDER). 


In the two preceding contributions, those results relating to the heavy 
mesons decaying in the K,- and y-modes have been described. These have 
the common feature that the decays appear to be two-body processes; the 
resulting charged secondary particles observed have, theretore, unique energies 
which will gradually be defined with an accuracy which will increase with 
refinements in measurements and the accumulation of further good examples. 
The two decay modes to be discussed in this paper do not lend themselves 
so readily to detailed analysis, since the charged secondary particles are not 
of unique energy. They both appear to involve at least two neutral secondary 
particles, and the charged secondaries may therefore have any energy within 
the ranges defined by the as yet unknown dynamics of the decays, and at 
present, therefore, a very precise knowledge of the energy of emission of each 
secondary is not necessary. We shall present here the results obtained so far 
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in the G-stack, and shall discuss them briefly in relation to other published 


results of a similar type. 


The x decay mode. 


If a heavy meson decay event is to be classified as a x-decay, it is necessary 
that the identification of the secondary as a u-meson be unambiguous. This 
is best done if the secondary comes to rest in the emulsion stack, and then 
decays to an electron; this will oviously favour the slower secondary particles. 
Where the secondary is faster, and does not stop within the stack, its identity 
must be established by combined measurements on the multiple scattering 
and ionization along its track. The length required for this will depend upon 
the energy of the particle, and it is also necessary to determine the form and 
position of the g*-pf curve for the particular emulsion stack used. For secon- 
daries with values of pf less than about 90 MeV/c, this is important, since 
the x-secondaries must be distinguished from those arising from the alternative 
mode of decay of the t-meson. At higher values of pf, there must be a clear 
separation from the y-meson secondaries. 

In the G-stack, there have been observed four events wich are clearly 
x-decays; in each event the secondary comes to the end of its range in the 
emulsion and the decay electron has been seen. 

Details of these events are given in Table VI. 


TABLE VI. 

Details of Secondary 
Event Range Energy 

(cm) (MeV) 
bien 2.34 34.2 
Bd 3.82 45.6 
DuASyg 4.03 46.7 
GeMigg 4.69 54.8 


If we wish to have some idea of the energy spectrum of the secondary part- 
icles from x-decay, we may then add these events to those examples already 
published, selecting only those events which satisfy the criteria previously 
set out. These events are: 


a) with stopping secondaries 


Br, 6.0 MeV 
Ro, Io 
Br; 14.5» 
Re, 28.0 » 


Epu DOS) 
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b) with secondaries not stopping in the emulsion 


Br; 45 MeV 
Died A 
GeMi,, 96 » 
TRI 100. » 


It cannot be too strongly emphasized that there is a very considerable 
bias in the observation of these events. In the glass-backed emulsions, this 
bias is in favour of the extremely slow secondaries, since the faster particles 
will not, in general, have a sufficiently long track to permit certain identi- 
fication. There is also a general bias against faster secondaries, since those 
decays in which the secondary track is of low ionization will be missed in 
the scanning more often than those which are slower and more heavily ionizing. 
With these reservations, we may still combine the observations to obtain 
an uncorrected energy spectrum. Grouping the secondaries in 20 MeV intervals, 
we find: 


Energy interval (MeV) 0-20 20-40 40-60 60-80 80-100 
Number of events 3 3 4 ali D 


It must also be pointed out that any very high energy x-secondaries may 
be wrongly classed as K,-secondaries, but there still appears to be a gap 
between this energy (153 MeV) and the highest energy x-secondary yet ob- 
served, within the limits of the present poor statistics. 


The K, decay mode. 


This mode of decay has only been established within the past year. Like 
the x, it appears to be considerably less frequent than the K,- and y-modes, 
and also appears to involve two or more neutral particles. As we have done 
with the x, we can also here set out some conditions to be satisfied in order 
that we may identify the secondary as an electron. 


a) If the value of pp is significantly less than about 100 MeV/c, and if 
the ionization is not sensibly different from that at plateau, then the identi- 
fication as an electron is certain. 


b) For any value of the energy, an electron may be clearly identumied 
by observation of bremsstrahlung energy losses. (In this connection, it may 
be noted that it is often easier to show that a secondary is not an electron, 
one has merely to follow and scatter its track for several contimetres, by mi 
stage the probability for an appreciable energy loss is very high. This was 
not always possible in glass-backed emulsions or small stacks, because of the 
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short track lengths generally available, and in fact, it can not be excluded 
that some of the earlier events may in reality be K,-decays). 

With secondaries of very low energy (i.e. less than about 30 MeV) the 
association of the secondary with the primary track must be beyond all 
reasonable doubt. 

Having shown that the secondary is an electron, it remains to be shown 
that the primary is a heavy meson. This is necessary to exclude y-mesons, 
and also, perhaps negatively charged heavy mesons and hyperons. It is 
possible that a negative hyperon, captured in an outer orbit, may eject an Auger 
electron on cascading down to a lower orbit, and that such an electron may 
have an energy of several MeV; with the negative heavy meson it is possible 
that the products of the capture process are all uncharged, and that the re- 
maining nucleus de-excites with the emission of a slow electron. In the ab- 
sence of any other prongs or recoil, it appears impossible to distinguish the 
latter case from a genuine K,-decay. 

Five examples of Ky-decay have been observed in the G-stack. Three of 
them are identified by their sudden losses of energy, one is very slow and the 
last produces a knock-on electron after travelling a distance of 1 cm and is 
also well identified on that length. Table VII contains the relevant details 
of these events. 


TABLE, VIL: 
Secondary 
cero ne === ss Primary 
Event | oft ea ties | vB a 
fon (em) | (MeV/c) | de 
i : D218 
GeMi;, 0 + 1.19 | 87 + 13 | 1200 + 460 | 
iT 338 a 1S 10 2 | | 
4.7 — 5.28 40 + 6 
GeMi,, 0.03 slow electron, association certain 1180 + 300 
GeMib; i375 0 = 0.55 100 + 18 980 + 300 
| 0.64 = 1.46 49 + 6 
| 1.46 — 1.75 26044 
GeMi,3 3.91 0 = 0.59 156 + 33 840 + 230 
0.59 = 2.19 100 + 13 
| 2.48 = 3.40 66 + 10 
| 3.40 = 3.65 62 + 16 
3.65 — 3.9 11.8 + 3.8 
Pole | 1.0 al 65 + 10 1000 
knock-on. elec- 
tron after 1 cm 
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Examples reported previously are: 


Br 49 MeV/c 
Bk DO» 
Bis 90 ) 
DuASs 90 » 


In all of these events, the secondary is clearly an electron; in addition, 
the Paris Ecole Polytechnique Group has reported at this meeting two examples, 
with energies of 99 and 100 MeV. 

In combining all these results, we must again make reservations as in 
the case of the x, that there is a considerable bias in observation and identi- 
fication, and that it is virtually impossible to give any quantitative estimate 
of this bias in order to correct the bare spectrum of the observed events. Grouping 
j again into 20 MeV intervals, 


Energy interval (MeV) 0-20 20-40 40-60 60-80 80-100 100-120 | 120-140 140-160 
i Number of events RO ES ee, c= — | 1 


The apparent lack of slow secondaries is immediately noticeable. This may 
be a real effect, but may also be due to the greater difficulty in tracing very 
slow electrons through several plates, and the possible rejection of slow secon- 
daries as unassociated tracks. 

Concerning both the x- and the K,-secondary energy spectra, it is clear 
that considerably larger numbers of events, found in some unbiassed fashion, 
are necessary to arrive at more definite conclusions regarding their shape and 
high-energy limits. 


5. — On the composition of the K-particle decay speetrum (reported by A. 
BONETTI). 


The sample of K-particle decays observed to date in the G-stack contains 
300 events, of which 47 secondary tracks have been measured, Hach of the 
secondary particles can be attributed to either the K,, the x, the x or the 
K,-decay mode. No new mode of decay has been observed. As has become 
evident from the preceding communications, our sample contains a Janae 
proportion of K,’s and 7’s and much fewer x°s and K,’s (see prabie IX). This 
statement is apparently in contradiction to earlier conclusion dpi from 
emulsion work. It is perhaps as well to consider the reason for this discrepancy, 
since in them lies the basis of both our confidence in, and our doubts about, 


our present results. 
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Up till a very short while ago, the x- and y-decay modes were thought 
to be predominant in emulsions. When the K, demanded place at the high 
energy end of the spectrum, attempts were made (at the Padua meeting and 
at the Varenna summer school 1954) to analyse the frequencies of the various 
decay modes on the basis of grouping the pf-values of the secondaries. These 
analyses gave roughly equal numbers of K,,’s, y’s and x's (or Kg’s). 

Several of the data on which were based these analyses have since been 
corrected by the authors, and it can be seen that, at least in some of them, 
the error and the effect of distortion on the scattering had been underestimated. 
These two errors are above all important when the tracks measured are short, 
as were many of the early ones. 

The effect of such faults in technique on a pf spectrum is illustrated in 
Fig. 6a and b. In 6a is a group of measurements made on long tracks (mean 
length 4 cm, maximum angle of dip 16°) in a Sardinian stack, corrected care- 
fully for distortion and noise. Underneath (60) are the results obtained from 
the first few millimetres of the same tracks, uncorrected for distortion. On 
these shortened uncorrected section, the number of pf values above 180 MeV/e 
is reduced from 6 to 2. If, in addition, the errors had been underestimated, 
we might have been led to believe there was a continuous distribution in pp, 
as in fact we did. 

Furthermore the technique of measurements varied considerably from one 
group to another, rendering difficult the comparison of their results. The 
bigger laboratories, which had a large amount of material at their disposal 
could check the internal consistency of their results, but those from the smaller 

. groups lacked standards of comparison. 


© This confusion of methods and results 
aerate Mere th led to the founding of the emulsion wor- 
dl | pea kers’ Bureau of Standards, in an attempt 
; do Fap to standardise and also improve the va- 
ae eo ee RO rious techniques. Its effect was not evi- 
ees seg i e8eyj dent in the results given at the Padua 


40 60 80 100 120 140 160 180 200 220 240 : . . 
meeting, but has borne fruit since then, 


O) x Ky 


GeMi Kg(9%1) e. 


Fig. 6. — a) pB-measurements on 8 secon 
dary tracks of 2 em length, true angle of 
dip 16°, corrected for distortion; b) pf-mea- 
surements on the first 4-6 mm ‘sections of 
the same tracks, uncorrected for distortion. 
Full circles show the effect of distortion cor- 
rection. The errors show the statistical error (full line) and the effect of the 
8%, uncertainty in the constant of scattering (dotted line). 
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and we can now select from the body of results on the Sardinian stacks a 
group of tracks sufficiently long and on which we are sure the measurements 
were well made. 

If we do this we find a clear separation into the 4 groups, with the K-secon- 
daries distributed among the various modes as shown in Table VIII, which 
indicates a situation more like that of the G-stack. 


TABLE VIII. — Sardinian stacks (*). Length of secondary track > 1 cm. 


Total Number Ka X x Kg E) 
No. | 31 (33) (*) 16 7 5 (7) (*) 3 1 
DE 51 (49) 23 (21) 16 (21) 10 (9) 


(*) Derived from the results of the laboratories of Bristol, Copenhagen École Politechni- 
que Paris Genua, Milan, Padua and Rome. 
(*) Adding 2 x-secondaries ending in emulsion with R <1 cm. 
(**) See text. 


The tracks chosen were all more than 1 cm long and had a maximum dip 
of 16°. There is therefore no geometrical bias. Two x-secondaries, which 
stopped with a range of less than 1 cm, but which may have had a poten- 
tial length of this order, may be added. The frequencies then change as 
shown in the bracketed figures of Table VIII. 

The corresponding table for the G-stack is Table IX. 


TapiE, LX. — G-stack. 


Length per plate of secondary tracks > 1 mm. Potential length of secondary tracks > 5 cm. 


Total number Ki i DI x Kg set it) 
No.(*) 47 21 pds; 4 5 2 
% 45 36 9 ll 
Noa) 67 36 17 8 6 2 
% 54 25 12 9 
(*) Identified events. 
(**) Adding 20 partially identified events. 


(***) See text. 


The tracks chosen for measurements had all more than 5 cm potential 
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length and dip less then 30°. The latter condition is not as stringent as we 
would like, due to scarcity of material. The second row of figures includes 
tracks selected by the same geometrical conditions but on which the measu- 
rements have not yet been completed. They are partially identified, in that 
certain decay modes can be excluded. We have distributed them among the 
remaining possibilities in the ratios observed on the finished tracks. 

The two particles called K, i.e. K-particles which give e-meson secondaries 
(Table IX, last column) have been carefully measured to find if the secondary 
is a m or a u-meson. The presence of a u-meson secondary without decay 
electron might be an indication of the presence of weakly interacting negative 
K-mesons associated to one of the 4 main decay modes (e.g. x and possibly Kg). 
In fact both secondaries turned out to be z-mesons, so those events represent 
most likely the capture of a K -particle and do not enter into our present 
statistics. The K, in the small stacks (see Table VIII, last column) reported 
by Brussels, was too short to identify. 

We can now judge the significance of these data in the light of our past 
experience. The tracks are long and the measurements carefully made. In 
addition to the rather good discrimination given by scattering and ionisation 
there is the decisive information given by the tracks which stop in the stack. 
Thus the separation and identification of the 4 groups of secondaries is good. 

The exact relative frequencies of the various modes of decay in both the 
Sardinian and the G-stacks are, however, difficult to estimate. 

If we look more carefully at the frequencies given by the various labora- 
tories in the Sardinian stacks, we find wide divergencies among them. Padua 
for istance found 3y’s and no K,, when Genoa-Milan had ly and 6K,’s; 
the only K,’s found came all from Bristol, and so on. These differences might 
be attributed to fluctuations in the small numbers involved, but we have reason 
to believe that there is a more serious reason underlying them. 

So far we have considered the confusion which can be introduced by faulty 
or incomplete measurements on tracks which have been found. On the other 
hand, the very best measurement technique will not give any information on 
a track which has been lost in the scanning. The scanning loss, which we all 
know to exists would not be important if all the secondaries were equally losable. 
Unfortunately they are not. It takes a very bad observer to lose a x- with a 
slow u-secondary, but a very good one to find a K, with its fast secondary, 
ionizing under the plateau. 

In the G-stack, all the events were found in a group of plates developed 
sufficiently and in the same way. This should give a certain uniformity to 
the scanning. There were, however, stress marks on some of the plates, so 
reducing the visibility. Further there must exist differences in the human 
element, i.e. the observers, which can be decisive in determining whether or 
not the lightly ionising secondaries are seen. 
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For these reasons, and until the checks and controls on the scanning, which 
are being made, are complete, the ratios 


K,/K, and xx 
may be considered as reasonably significant, but the ratios 


Udo, and K,/x , 


u! 


as certainly only lower limits of the true values. Since the numbers of K, 
and x are very small, we may take the ratios 


Kp + x pl 
Peli and sua 
Ki, +x Total K’s 


to be a fair approximation, hoping for an equivalent scanning loss in numerator 
and denominator. 

It would not be surprising if these ratios were different in the Sardinian 
| stacks and the G-stack. After all there is a much larger amount of absorber 
in the G-stack. The small differences found between the two sets of results 
(Table X) cannot however be taken as significant considering how few events 
| there are. 


TABLE X. — Relative frequencies of the various types of K-decays. 


Kg + x Kg+x 


(aes AI K + K + 
Kit X% total K’s ulX (9) pitt) 


Kg/Ky 2/7, 


i | Sardinian |3/16 = 0.19] 5/7 = 0.71| 8/23 = 0.30] 8/31 = 0.26] 16/7 = 2.3 /3/5 = 0.6 


I 


Stacks 
| Sardinian |3/16 = 0.19] 7/7=1  |10/23 = 0.44/10/33 = 0.30 16/7 =2.3 |3/7 = 04 
| Stacks (*) 
G-Stack | 5/21 = 0.24/4/17 = 0.24] 9/38 = 0.24] 9/47 = 0.19] 21/17 = 1.2 [5/4 = 1.3) 


Il 


14/53 = 0.26|14/67 = 0.21| 36/17 = 2.1 |6/8 = 0.8 


| 

2 
iS 
4 


G-Stack(X) |6/36 = 0.17/8/17 


(*) See asterisk in Table VIII. 
(*) See double asterisk in Table IX. 
(*) Certanly underestimated. 


We must remember also that sampling in the G-stack is difficult since 
il the production of secondary z-mesons inside the stack might tend to 
| give transition effects bearing on the production of the various types of unstable 
È particles. The possible existence of such effects is being investigated. 
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INTERVENTI E DISCUSSIONI 


— Cu. PEYROU: 

It would perhaps be interesting to know the production spectrum of K-particles, 
separately for the different categories of K. Eventual differences in this spectra will 
denote a difference in life-time independently of the search for decays in fight. 


— C. DitwortH: 

This is in fact a very interesting problem and it is in our programme. Up to now 
work has been concentrated on the secondary particles. About half the primaries have 
been followed and their range determined. In a large stack such as ours in which 
various groups are working in different parts of the stack, the calculation of the geo- 
metric factor to be applied before arriving at the energy spectrum is a rather long job. 
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SUPPLEMENTO AL VOLUME IV, SERIE X N. 2, 1956 


| DEL NUOVO CIMENTO 20 Semestre 


On the K,,- and K,,-Decay Schemes. 


G. Costa and N. DALLAPORTA 


Istituto di Fisica dell’ Università - Padova 
Istituto Nazionale di Fisica Nucleare - Sezione di Padova 


[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 2, 519 (1955). Qui riportiamo solo il riassunto. N. 4d. R.]. 


Summary. — In order to explain the three body decays of K-particles according 
to the reactions: 
Ka > WA 24 To 


Kop 2 4-2? + x", 


a detailed decay scheme is proposed which seems to ‘be the simplest possibility for 
obtaining for both these decays a lifetime of the same order of magnitude as the y-decay 
lifetime. This scheme is based on the assumption of both the strong Gell-Mann-Pais 
interaction between K-particles and hyperons, and the possibility for hyperons to 
suffer u- and £-decays regulated by the weak universal Fermi interaction constant. 
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An Example of a Charged Hyperon Decaying at Rest 
into a x+- Meson. 


M. CeccarELLI, M. GrIiLLi, M. MERLIN, G. SALANDIN and B. SECHI 


Istituto di Fisica del’ Universita - Padova 
Istituto Nazionale di Fisica Nucleare - Sezione di Padova 


During routine scanning of plates from the G-Stack exposure we have 
observed an interesting example of the decay of a charged hyperon. 

The primary particle apparently comes to rest: an estimate of its mass 
by the ionization-range method gives (2100 + 300) m and it is therefore un- 
likely to be a K-meson. 

The secondary particle comes to rest in the emulsion and has been iden- 
tified by its characteristic 7-u-e decay. We believe that this is the first example 
of hyperon decay in which the pion has been so identified. 

The range of the z-meson was (8.93 + 0.30) em. The quoted uncertainty 
is based on the assumption that 3% were due to straggling and 1.5% to the 
uncertainties in measurement which were previously described by MERLIN 

Using the range-energy relation of BARONI et al., [1]. suitably normalized to 
agree with the result of experimental determination of the stopping power 
of the emulsion used in the G-stack, we find for the energy at emission of the 
m-meson a value of (90.2 + 2.8) MeV. 

If we assume that the event represents the decay of a hyperon into a neutron 
and a 7*-meson (+ >n + n+ + @), this emission energy value corresponds to 
a Q value of (107.8 + 3.5) MeV and to a hyperon mass of (2323 +7) mg. 

This is in excellent agreement with the value (2327 + 3) me, which is an 
average of the masses of the positive hyperons hitherto observed to decay 
according to the scheme 


ies a 


This tends to confirm the assumption that the two types of decay into a m+ 
or a p are in fact the alternative decay of the same particle. 
Although the Q-value calculated for the decay into a proton and a neutral 


MA 


ME Ratt Eat ae, 
: LO a 


AN EXAMPLE OF A CHARGED HYPERON DECAYING AT REST INTO A 7m*-MESON 427 
m-meson depends on the range-energy relation, it involves a region in which 
the latter may be regarded as being well established. When further examples 
of the alternative 7-mode of decay will become available it will then become 
possible to obtain a further point on the range-energy curve. 

Bearing in mind the uncertainties associated with a single observation, the 


present evidence would suggest that the R-# relation of BARONI et al. is not 
seriously in error. 
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Remarks on Negative Heavy Mesons. 


M. W. FRIEDLANDER, Y. FuJimoTo, D. KEEFE and M. G. K. MENON 
H. H. Wills Physical Laboratory - Bristol 


M. CECCARELLI, M. Grivii, M. MERLIN, A. SALANDIN and B. SECHI 


Istituto di Fisica dell’ Universita - Padova 
Istituto Nazionale di Fisica Nucleare - Sezione di Padova 


(Reported by M. CeccarELLI and D. KEEFE.) 


During the course of scanning in the Bristol and Padua sections of the 
G-stack, 22 capture stars produced by the nuclear interaction of K -mesons 
at rest have been found. The details of these, together with those of seven 
other events found in Sardinian stacks exposed to the cosmic radiation, are 
given in Table I. In this communication we discuss the results of some 
speculations on the production and interaction of the K~ particle on the basis 
of a combination of these new data with 16 other published events found in 
cosmic ray exposed stacks. Further, it appears of value in considering the 
mean life time and production of K~-mesons to compare the cosmic-ray 
observations with the results reported at this meeting [1-3] on the K--part- 
icles produced at the Bevatron. 


1. — The capture stars produced by negative heavy mesons at rest. 


There have been several events observed heretofore in which hyperons have 
been emitted from the capture stars produced by stopped K-mesons; the first 
observation which can be interpreted in this way and involved the production 
of a A°-particle in a Wilson expansion chamber was reported by BARKER 
in 1953 [4]. Some time previously, immediately following the first Brookhaven 
experiment on associated production, GOLDHABER [5] observed on the basis 
of his early model of V-particles that the capture of a K~-meson by a nucleon 
would be expected to give rise to a V° or V+-particle. 


PO. vo a Br A pi cale ae nd = sd 4 x 
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TapLe I. — Details of K~ meson events. 


| | = 
Parent Total | Identity and energy (MeV) of the charged va ea 
Event , length | ca = plus binding 
| star | = products of the KT capture events 
| mm | energy (MeV) 
Boi | 3+0n| 12.2 | p-a | p P | 134 
| (5 um) 39 il 
Br, | 12+0p | 0.6 | p | d-t | p p-x 85 
| 24 |(1180um) 8 (6 um) 
| | n 
Br; 9+2n| 91.2 p _|X(>n) 339 
| i 48 25 
Br, (*)| 6+5p| 187| © | 27) | 
| 40 | 22 460 
Bry, 17+1p | 67.0 x | Auger 210 
| | 70 electron 
Sie 7+0n | 14.7 | x p Auger 260 
65 | 47 electron 
Eredi ae ae x |Z(> 430 
| | 58 LCA 
| par 
Br, | 44+9n | 18.3 p | p | Auger 50 
| | | 32 2 | electron 
! | | 
Bri | 13+15p| 14.7 ad | 44%) p 130 
| ae) ae | 
| 7 | 
Br, olde oo 4 p p-% pa | p-a 55 
| 20 (24 pm) | (19 um) | (5 um) 
Bro 84+2p | 67.5 x |X (+p) ath 
| 45 44 | 
Bt i+3p | 44.6 x % p-% p-d-t TO 
| PO teed (11 pm) | (28 ym) 
Pd 6+1p| 11.2 p p Fi 252 
42 th 37 
ds 9+-1n 47.0 p p 40 
13 mul 
(*) The interactions in which K-Br,,, K Pd; and K-Pd,, were created were found to ia olie the 
simultaneous production of another K-particle. The first two events are described fully in Nuovo Ci- 
mento, 2, 666 (1955) and 2, 828 (1955) respectively. 
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TABLE I (continued). 


Po 


| Total Visible energy 
ont Parent Gost Identity and energy (MeV) ofthe charged plus binding 
ve = Sn i 
star rr | products of the KT capture events energy (MeV) 
sec = TSE DEI K 
IPGls, | 54+In 75.4 x p p p | 178 
| i | a 45 90 
| | 
Pd, — >20.0 p | p p 15) 
1, 17 DI 
I 
de | — Sa!) p T 250 
65 ~ 35 
Pdr 5+3p Holl p Tr 210 
10 ~ 50 
de 5-+5p 21.5 p-« p-% Pp Pp To 210 
(25 um) | (30 um) 3 23 16 
Ì | 
Pd, |2445p| 7.1| pia x p p - 310 
(20 um) 5) 25 1595) ~ 60 
Pal, — >35.0 p p-a p-x 40 
18 | (10 um) | (12 um) 
eC bin 5+0p 20.5 p pax p x 185 
18 (10 um) 140 26 | 
Ra —- >60.0 | p p 185 
16.5 8 575 
| 
ok 194-14p| 115 TT io) p-x 200 
— 45 2.5 (10 um) 
Pd 5+1p | 38.0 T p-x p-« 270 
| ~120 (10 um) | (20 um) 
Rd -- >15.0 n p 230 
| ~ 40 ~ 45 
Pd; = di-230 P p 88 
64 a 
Pdi, ()| 7422p 2.8 T p P p 270 
~90 6.5 3.0 053 1 
Pd,, (*)| 2+0p 6.4 T p p-« p-a 
~ 60 9 (40 um) | (13 um) 230 
(*) The interactions in which K-Br;, K~Pd,, and K~Pdis were created were found to involve the J 
simultaneous productions of another K-particle. The first two events are described fully in Nuovo Ci- j 
mento 2, 666 (1955) and 2, 828 (1955) respectively. 
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Since then it has been generally accepted that the capture mechanism—at 
least in part—is closely related to the associated production reaction, viz. 


(1a) K + N->Y+xr Corresponding to (K++Y) pro- 
duction in meson-nucleon and 
(1b) KT +29 > Y4+ 7 nucleon-nucleon collisions. 


From the early examples of K--capture events it was apparent that the visible 
energy release was in general very much less than the rest mass of the K-meson, 
and last year at the Padua Conference TouscHEK [6] pointed out that the 
associated absorption mechanism was indeed compatible with this observation 
since the emission of a neutral hyperon would carry away an appreciable part 
of the energy. 

Because of the greater number of events now available it has been possible 
to make a more detailed comparison with the predictions of this absorption 
mechanism. As regards the frequency of emergence of 7-mesons and hyperons 
the figures are as follows: a) fraction of capture stars giving charged z-me- 
sons = 44%, b) fraction of capture stars giving charged hyperons = 10%. 
In addition, two examples are known (the Minnesota event and the Ge-Mi 
event [7] reported at this 
meeting) in which a hyper- 


. 6 (a) 
fragment is produced. iL e) FE 
The general properties of =~ ene 
K--capture stars in emulsion, ‘+ an 
expected on the basis of the 1 
models of Gell-Mann and Pais ‘|? 


and Nishijima, have already 
been discussed in detail [8]. 0 Ce een E iain 
It is assumed that essentially 


150 


three distinct processes occur Te © 
which are well separated in E 
time, namely about 107? s, Te 
10-2 s and 10-1°s following ag 


— 


capture. The importance in 
such a separation on a time = 
seale lies in the fact that the 
energy available at each stage Fig. 1. — The energy spectrum of (a) the mi 
is subject to certain limita- and (b) the Ee appa to arise in K -cap- 
tions resulting in some re- Sea Pig Dial 

strictions on the nature of the 
finally observed emulsion event. 
spectrum would be expected to ex 


—- Te Ae a 
0 10 20 Si 


30 40 50 
ENERGY OF HYPERON (MeV) 


e 7-mesons 


According to these authors, the 7-meson 
hibit broad peaks close to 75 MeV and 
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~ 135 MeV corresponding to the delayed mesonic decay of a residual nucleus 
which has retained a bound A°-particle. 

Fig. la shows the x-meson energy spectrum as it is at present following 
the inclusion of the Br and Pd events. It can be seen that the majority of 
the events lie in the range 40--90 MeV which had been tentatively concluded 
to correspond to the associated emission of a X-particle. A certain measure 
of support for this interpretation is provided by the occurrence of the smaller 
peak composed of dark squares coincident with this energy band since in these 
cases charged X-particles have also been observed to emerge. If this is correct 
then there should be many charged X-particles produced in K -capture stars. 
However, most of these will be of low energy and many may not escape from 
the nucleus but transform in the presence of nuclear matter to the A°-particle 
and so in general escape observation. 

A feature of interest characteristic of the sample available at present is 
the absence of many high-energy x-mesons corresponding to the direct emis- 
sion of a X-particle the only example yet observed with an energy exceed- 
ing 100 MeV is that from the event K--Pd,, with an energy 140 MeV. The 
simplest interpretation of the weak intensity of high energy pions is in terms 
of the preferential production of the Y-particle rather than the A°-particle. 
However, it is important to note that the simple comparison of the ~-meson 
intensities at high and low energies does not provide a fair comparison of the 
ratio of & to A°-production for several reasons. Among these is the increased 
probability for the higher energy pion to interact, due to the increasing pion 
cross-section, and so for escaping detection. Further, the centre of mass of 
the initial (K+ 97) state will be moving as a result of the Fermi motion of 
the nucleon and in the final state (A°+7) it is possible for the z-meson to be 
predominantly slowed down for this reason if there is a strong angular cor- 
relation in the direction of emission of the A°-particle. 

To conclude, then, briefly; we find: 


i) There is no evidence yet to suggest that the capture mechanism of the 
K -particle cannot be interpreted exclusively in terms of associated absorption. 
il) The absence of many high energy pions might be an indication of 

a rather low relative yield of A°-particles in the primary capture process. 
iii) The occurrence of one or two high energy hyperons (Fig. 1b) might 


suggest that the capture sometimes involves an interaction with more than 
one nucleon. 


2. — The yield of K -mesons under different experimental conditions. 


Ideally one would like to have at hand such experimental data as to allow 
a comparison of the yields of K~ and K* mesons at different values of the 
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K-meson energy and how these vary as a function of primary energy and 
| target material. In reality, the experimental information on all these matters 
at the moment is very slight and limited in accuracy by the small number 
of K~ particles hitherto observed. Crude as the data may be, a preliminary 
analysis of the cosmic ray observations and a comparison of these with the 
Bevatron results [1-3] does seem to suggest some directions in which diffe- 
rence in the experimental behaviour of K™ and K* particles may lie. 


2:1. The production of K~ mesons from different target materials. — In the 
next section will be discussed the distribution in n,-—the number of shower 
tracks—for the parent stars of both K* and K~ particles and they will be 
seen to be very similar. 

However, at a time when only 12 parent stars of K~ particles had been 
found it was pointed out [9] that these 
stars appeared in general to have lower 
values of N,—the number of heavy 
prongs—than those in which K~ particles 
originated. In Fig. 2 are shown the in- 
tegral N, distributions Of Ke ond K- 
particles (the K curve is based upon 
27 known origins) and it can be seen 
that the origins of the negative particles 
appear to include a relatively higher 
proportion of « low-N, » stars. The 
median values of these distributions and 
also those for hyperons and 7-mesons 
are shown in the following Table II. 


| 


. . a . A 
Tf the origins of the K~ particles do | n ie ee i 
- 1 
i ‘ 3 ‘ Pd 5 rj i i DS £ S 0 et J et I 4 e L ia 
indeed have the same characteristics as pp a ah 
those of the K+ particles then the diffe- ate 
oe Regine integral distributions in 


Pe ee Dali Iain the N, of the parent stars of K* mesons, 
arisen as a result of a rather severe sta- ca RR it 
tistical fluctuation. If the true median the fraction of stars with fewer heavy 
value for the K~ origins is in fact 12.0 branches than N,,. 

then the available sample of 34 origins 

is divided by this value in the ratio 25/9 instead of the expected 17/17. However, 
the numbers involved are still quite small and the possibility of a chance 
fluctuation cannot be ignored. 

Tf the figures are to be taken as an indication of a genuine effect then one 
might seek to interpret them in the following terms. In emulsions, an number 
of heavy prongs emitted from a nuclear interaction can be considered as a 
measure of the size of the target nucleus. Interactions in the light elements 
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TABLE II. 
Origin of: Ke Ke Hyperons T 
Median of N, Distribution 6.4 12.0 15.3 12.0 
No. of stars 27 168 30 52 


(C, N and O) will, on the average, produce few black prongs while those oc- 
curring in the heavy nuclei (Ag and Br) will correspondingly give rise to more 
prongs. The difference between the N, distributions for the K* and K™ origins 
might then be explicable in terms of an increased yield per interaction of 
K- mesons from light rather than heavy nuclei [9]. This could occur if the 
K- particle were absorbed so strongly that the probability for interaction within 
the producing nucleus increased with atomic number more rapidly than the 
probability of production. 

According to the model of Gell-Mann and Pais, and Nishijima [10] the 
K* particle in strong interactions with a nucleon may behave only in the fol- 
lowing ways: 

K+ + 9% +> K++ @7 


> K® +92 


whereas the K~ particle has many more available channels for escaping de- 
tection: 


K+KN->K +92 (1) emerges 
>K +97 CO) escapes detection 
>N +n (1) escapes detection 
da +r (3) escapes detection 


Further, the recent evidence presented at this meeting [1, 11] seems to indi- 
cate an interaction cross-section close to geometric for the K~ particles and 
a Substantially smaller value for the K* particles. The parent star of one par- 
ticular negative heavy meson is of interest (K~-Br,) insofar as another K-part- 
icle was found to be produced in the same interaction. Full details of this 
event have been given elsewhere [12], and need not be repeated here. 


2°2. The production and mean-lifetime of K~ mesons.—The data at present 
available does not allow a separate discussion of lifetime and details of pro- 
duction but it does seem possible by comparing the results obtained at the 


Ct 
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Bevatron and in cosmic ray-exposed stacks to gain some information about 
their combined effects. Any statement therefore about the mean life, for 
example, will involve some assumptions concerning the energy or angular de- 
pendence of the production cross-section, and, vice versa. In considering 
K- mesons found in stacks exposed to cosmie rays one is, in general, dealing 
with particles which are produced and arrested within the same stack and so 
have a typical time of flight of about 1—3-10-!° s. Im contrast to this, the 
observations of CHuPP et al. [1] refer to K~ particles which have already spent 
some 10-8 s in traversing the distance between the target and emulsion stacks, 
and further, which have been produced by a mono-energetic beam of protons. 
When a comparison is made of the results obtained under the varying con- 
ditions of these two groups of experiments, an interesting difference that 
appears is in the ratio of the number of positive to the number of negative 
K-particles observed. In order to arrive at a reliable estimate of the true 
production frequencies of K* and K~ mesons, an exhaustive analysis of the 
biasses inherent in the detection of events by scanning, has been made at Pa- 
dua by a method similar in essence to that described by BALDO et al. [13]. 

Because of the large number of K, events available it has been possible to 
estimate the scanning loss and its dependence upon variations with grain 
density and among different observers. Table III summarizes the estimates of 
the true number of events per cm? of emulsion per day of exposure, deduced 
in this way. 


Tage UT: 
| Estimated Number 
| o : em-* day 
Stack | Dimensions | 2 
| 2 Re 
| Kr 15 K 
e 
fe. | i ar ; 
Sardinian (S, and §,,) 10x 15x24 em | 2-4 0.4 0.4 
| zh : ; 
G-Stack zi 37% 15 cm | 8 0.7 0.8 
N. B. - The statistical errors are +9% for Ky, (135 events), +25% for both K (17 events) 
and t (17 events). 


It is difficult to estimate the possible systematic error in these figures but 
it is felt that they are unlikely to be wrong by more than a factor 2. In par- 
ticular the ratio K7/z is likely to be the most reliably determined. The increase 
in density of events in the G-stack compared with the smaller stacks agrees 
well with that expected from the arrest of the faster particles within the 
larger stack. 

In Table IV are summarized the different particle frequency ratios found 
in the present and other experiments. 
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TABiE DV. 


Authors TUE Kap ie Kec 
A: Present Tem LISI J 
B:  CRUSSARD et al. 0.6-10-* DESEIOnE (Oy 
C: ScHEIN et al. == 1 as 
D: CuHurr et al. 03710 i) ol KO" 1.5-10-2 


In experiments C and D the K7/K, and K /7 ratios have been given 
explicitly and are presumed to have been corrected for systematic bias; this 
is not true for B where the quoted figures refer only to the actual numbers 
observed by these authors (*). It seems then, that there is a discrepancy 
amounting to a factor ~10 between, the ratios K7/K,, K™/t, observed in 
cosmic ray stacks and under the experimental conditions of CHUuPP et al. 

The explanation of this discrepancy may arise from, among others, the 

following causes: a) the different energy, 

nature, or sign of charge of the primary 

Ceo particles, or the different nature of the 

eo n = ordinary Stars producing materials; b) the different 

: energy or angular distribution of the 

K-particles or the different transit times 

of the heavy mesons recorded in these 
experiments. 

At present any attempt at evaluat- 
ing the relative importance of these ef- 
fects can at most be very tentative. 
However, it seems plausible for the fol- 
lowing reasons to consider certain of 
these effects as unlikely to be responsible 
for such a large discrepancy as a factor 
~ 10 between the experiments. 

Fig. 3. — The Integral Distribution in In Fig. 3 are shown the integral mul- 

muli plioiuy, Ng eae parent stars of tiplicity spectra for the parent stars 
K” and K+ particles. Re 

of K, and K- mesons produced by the 

cosmic radiation and, since the mul- 

tiplicity provides a measure of the star energy, it can be seen from the simi- 

larity of the two curves that the relative production of K+- and K’-particles 


NOE — K, - Stars 


0 2 4 6 8 10 12 14 16 


(*) In the final publication of their results, CRUSSARD et al. (Nuovo Cimento, 3, 
732 (1956)) report a figure closer to 100/1 for the K+/K7 ratio. This result appears 
in better agreement with experiment D, although it is not corrected for scanning bias. 
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of low energy would not be expected to } an 
vary greatly in the region of primary 
energy concerned. In particular the pri- 
mary energy involved in experiments B, 
C, D, corresponds to n; = 3, which is 
about the energy where most of the 
cosmic ray K-mesons were produced. 
From Fig. 4, which shows the integral 
energy spectrum of K* and K° mesons 
produced by the cosmic rays, it can be 
seen that the K_/K* ratio is not very 
different for experiments for the median 
energies corresponding to experiments ‘°° 
A and D. That the nature and sign of 
charge of the primary particles may 
have a large effect upon the K7/K™ 
i ratio would seem to be suggested by ol ; rai 7 | Ln 
ne results of Scaern « al. [2], and " È "A Si a 

some such increase in this ratio would 
seem plausible on the basis of charge 
conservation and increased centre of mass energy, though not perhaps of 
this magnitude. If the yield of K™ particles were indeed very sensitive to 
the nature and sign of the primary particles, then the flux of x particles 
in the cosmic ray exposed stacks might conceivably explain the discrepancy. 

While some evidence (cf. Sect. 3°1) may suggest a variation in K_/K* with 
the size of the target nucleus, this appears very unlikely to be responsible 
for a factor 10 between production in emulsion (A and B) and copper (D). 

Tt seems therefore, most plausible at the moment to attribute the observed 
result to the effect of either the angular distribution or of transit time. There 
is no information available at present about the distribution in angle of K - 
particle production though the observed isotropy in the case of cosmic ray 
induced events might be an indication that the angle of observation in exper- 
iment D is not an important factor. Under this assumption we may examine 
the consequence of assuming that the reduction in K™ intensity in the Ber- 
keley exposure is due to the long transit time. 

There are then two possibilities: «) The K--particles are composed of two 
groups, one with lifetime close to that of the K,- and 7-particles and the other 
with lifetime significantly shorter, b) All the K--particles are short-lived. 
Since the samples of K~ capture stars in both Cosmic Ray and machine expo- 
sures appear to have very similar characteristics there is thus no positive 
evidence as yet in favour of hypothesis a). If, on the other hand, b) were true 
then the observed attenuation in the Berkeley exposure would imply a value 


col) Lg ene ie 


Fig. 4. 
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of about 0.4:10-8 s for the mean lifetime of the negative heavy mesons (as- 
suming a mean lifetime of 1.1-10-8 s for the Ky). 

It is interesting that preliminary data presented at this meeting [11] tend 
to favour a lower value for the lifetime of the K7 compared to K~. It appears 
surprising, at least according to current ideas, that the lifetime of the Kr 
particles should be different to that of the K™ particles, since the weak inter- 
actions responsible for the decay processes are expected to be the same for 
the particle and its charge-conjugate particle. It may be of interest also to 
note that some of the cloud-chamber results presented at this meeting [14] 
can be interpreted in terms of a short lived.component among the negative 
V-particles. 
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[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 2, 565 (1955). Qui riportiamo solo il riassunto. N. d. R.]. 


Summary. — 21 K-meson and 5 hyperon events observed in the Rome laboratory 
after the Padua Congress are described. Detailed discussion is given of the probable 
interaction of a negative hyperon at rest and of decay in flight of a hyperon (Y-Ro,) 
which shows a Q-value of (71 + 5) MeV and is interpreted as due to a &-particle. 
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Heavy Unstable Particles in Nuclear Emulsions. 
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Max Planck-Institut fiir Physik - Gottingen 


(Reported by K. GOTTSTEIN.) 


In the course of general scanning for heavy primary nuclei and jets in 
stripped emulsions a number of events were observed which involved heavy 
unstable particles. Some of these seemed to be interesting enough to justify 
a somewhat closer inspection. They included: 


3 excited fragments (hyperfragments), one of which decayed in flight. 

t-mesons coming from stars one of which is produced in association 
with a charged hyperon decaying in flight into a light meson. 

case of associated production of a K,,, and a negatively charged hyperon. 

K-particle producing (at rest) a star from which a fast particle emerges. 


bo 


HE 


Here a description of the details: 


1. — Hyperfragments: see Table I. 


2. — x-Mesons originating in stars. 


a) Associated production of a t+-meson and a charged hyperon decaying 
in flight into a light meson (published in Nuovo Cimento, 1, 284 (1955). 


b) 7'-meson emitted with kinetic energy of 22.4 MeV from star 33 + 10p. 
Time of flight: 6-10-11 gs, 


Slight disturbance in momentum balance of secondaries. 


HEAVY UNSTABLE PARTICLES IN NUCLEAR EMULSIONS 441 
Possible explanations: 


1) single scattering of one of the x-mesons immediately after emission 
so that measured angles are not true angles; 


2) the 7-meson was in motion (— 30 keV) when decaying. 


3. — Associated production of K,, and Y. 
Parent star: 15 <b5u. 
Both K and Y come to rest. 


a) The K-particle. 


Length of primary track: 14200 um (T=1.5-10-! gs). 


Mass (from constant-sagitta): (91625): 
Mass (from constant-cell): (1A 65> >) ine. 


Mass (from grain-density vs. range): (970 + 100) m,. 

Length of secondary track in 3 plates: 31.5 mm (leaves the stack). 
Energy of secondary (from scattering and grain-density and their vari- 
i ation): (157!) MeV, if y-meson; (14675) MeV, if 7-meson. 

(Secondary cannot be K or proton. It is unlikely to be an electron since 


i no radiation loss becomes apparent). 


Conclusion: The energy of the secondary is too large for that of a 
1K (x), K,(t’) or K,,(%). It fits, however, that to be expected for a K,,. 


™3\ pal 


b) The negative hyperon. 


Length of primary track (in 19 emulsions): 12060 um (Mel 105s). 
Charge of primary particle (from 3-ray density): 1. 

Mass of primary particle (from grain-density vs. range): protonic. 
Emitted particles: 1 proton of 105 MeV, 1 proton of 31 MeV, 1 short recoil. 


Conclusion: Evidence consistent with properties of negative hyperon. 


(4. — Disintegration caused by negative K-particle. 


Parent star of K: 3-+ 8p. 

Length of K-track: 2790 um. 

Mass of K (from constant-sagitta): (860 + 300) mg. 
Mass of K (from grain-density vs. range): (855 + 150) m,. 
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a 


| | | Disintegration products 


| Time 
Parent ‘Range Z| of flight | Identity and energy (MeV) | Disintegration scheme 
star | (um)| | (8) |——___ ———_| 


1 2 3) 


4 | 0.8-10-1! | 4He(11.9) | *He(14.1) | — *Be* > ‘He + *He + n + 


| 
OT OT | OT 
| 
| 
| 
| 
| 


27+4p| 262 


| 8 He(10.7) | 3He(12.6)}  — Sor Bo* + 34He = Hel 
| +n(+m(+n)+€ 


or 


8Be* > 4He 4 2He > ue 


112 0n | 168°} 3 | 0.7-10-1 | SLi(0.5) | 1H(12.8) | x-(22.6) | “Li*-> Li+p+n-+@ 


Le tized 1-108 | #He(16) | 1H(28) — | €Li*> Hot pit ne 


(The errors given for the mass of the K are purely statistical. Because 
of the steepness of the track there might be additional systematic errors of — 
similar order of magnitude). 


Disintegration products: a) Z=1 (p,d,t), R=108 ym. 
Db) 4 == 1p ..d)G)), LR == 59000 
c) Short recoil, les dc 


d) See below. 


The track d). 


Length (in 3 plates): 19.9 mm (leaves stack). 

Mass (from grain-density vs. x in 9.8 mm track in plate containing dis- 
integration): (55073) m.. 

In the adjoining emulsion sheet the track shows a single scattering of 
(3.5 +-1.0)°. Result of mass measurement (grain-density vs. %) there- 
after: (31077) mi: 


HEAVY UNSTABLE PARTICLES IN NUCLEAR EMULSIONS 443 


i = 
B A | 
Sa R Ema lke 
LV) (MeV) emarks | 
—|— _ SA n 
ES. — 18 | The first two disintegration schemes were already discussed in the 
| Report of the Padua Conference (K. GorTTsTEIN: Suppl. Nuovo 
104 Cimento, 12, 309 (1954)). The last one, however, seems now to 
be the most plausible one, since it is now known that the life-time 


167 | 9.3 or 6.6 | of an unstable nucleus may be changed appreciably by the incl- 
usion of an excited nucleon. For the binding energy By, of the 
A-particle there exist two possibilities according to which track 
is assumed to be that of the 3He. For calculating By the value 

| mg.,=6533.9 MeV/c? was used (BARKAS, YounG, UCRL 2579, 
1954). 


0.8 | 10-+0.8 | « Kinetic energy of A within nucleus »: Ex =2.53 MeV (from mo- 
menta of p. and x). Possible interpretation for low value obtained 
| for By: A° received its energy before decay from additional exci- 
| tation of nucleus. Assuming Q+ By —ba+E, =H,+H, one 
obtains 6,= 3.5 MeV. 


i; gi | The fragment decays in flight its residual range at the moment 
| of decay being — 490 um, its kinetic energy (from $-ray density) 
(71-415) MeV. The energies given for the disintegration products 
are those for the c.o.m. system. 


Discussion. — The results were obtained consistently by 3 different obser- 
vers. The errors given are standard deviations. Since systematic errors are 
likely to increase rather than decrease % the mass could be underestimated. 


Assumption I. Particle has K-mass (963 m,) and decays in flight into 
zt-meson in adjoining emulsion sheet. (There would have to be at least 2 neutral 
decay products as can be shown from the energy and momentum balance). 
Its kinetic energy at emission would then be (210*%) MeV. Taking particles a) 
and b) as protons the total visible kinetic energy in the disintegration is 
~ 225 MeV. 


Assumption II: Particle is hyperonde caying in flight according to the 
scheme Y->r+n+0Q. This assumption is not inconsistent with energy and 
momentum balance considerations. The kinetic energy of the hyperon at 
emission would be (510%) MeV. 


Assumption III: Particle is a proton which causes a 
x-meson is emitted. The kinetic energy of the 


small nuclear dis- 


integration from which the 
proton would be (400*%,) MeV. 
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Assumption IV: Particle is m-meson, the track of which shows, due to 
some unknown cause or to a large statistical fluctuation, tco small a scattering 
angle, or too high a grain-density, or both. Its kinetic energy would then 
be (57 + 6) MeV. 


The following Table IT shows the minimum mass in m, the primary 
« K-particle » would have to have in order to account for the visible energy 
released. (Momentum could be balanced by the particle causing the short 
recoil track the direction of which is directly opposite to that of track d). 


TABLE II. 
SSD GIO 5 5 8 oe (140023095) am. 
PASS UTO ORTI (151573 Ss 
Assumption LIRE (slr at 
ASSI pioli VA, ( 413+10) » 


(The figures given as errors have been rounded off to full tens). 


Assumptions I and II imply the existence of a K-meson of mass 
>1400--1600 m,. Before this is corroborated by further evidence we rather 
prefer assumption III (in spite of the large deviation from the measured mass 
value) or IV which give also a better agreement with the direct mass deter- 
mination of the primary to the disintegration. 
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Data on Some Heavy Particles. 


A. DEBENEDETTI, C. M. GARELLI, L. TALLONE and M. VIGONE 


Istituto di Fisica dell Universita - Torino 
Istituto Nazionale di Fisica Nucleare - Sezione di Torino 


During a general scanning of a stack of stripped emulsions Ilford G.5, 
15cm x15 cm, 600 um thick, flown at 106000 ft, some cases of K-mesons 
have been observed. Three cases in which either the primary or the se- 
condary particle are not steeply inclined have been selected for measurements. 

On the primary particles scattering-range measurements have been carried 
out with the constant sagitta method. The distortion has been checked by 
the method of the third differences and has been found unimportant in all 
the plates. The mass of the primary has been determined also by measurements 
of mean gap length versus range. The 7-meson line of calibration has been 
drawn using 60 experimental points. Moreover, the proton line has been de- 
termined from 10 experimental points. The ratio of the masses thus obtained 
is in fair agreement with the accepted value. A plot of the total length of 
gaps on a cell of 400 um versus range has been drawn for the same particles. 
The ratio of the masses does not vary in the two plots, but the deviation from 
the mean seems to be smaller in the second case. 

The identity of the secondary particles and their energy of emission have 
been determined from the variation of pf and ionization over the total path 
in the stack (of the order of 4--5 cm in the selected cases). 

The following Tables I and IT summarizes the data. 


TaBLe I. — Primary particles. 


| Mass (my) 
Range | plates | 3 * Star 0, 
(mom) | (a, E) (gj, R) (I, R) 
K- Te, 28 7 828 +150 868 +150 824 +150 5+10p 41° 
K-Tog TI 10 LI722C1589ULOL3 06 te 14+2n DE 
IR-To, 03.9 4 970 +280 880 +300 2 IP eek = 
(*) K-Toy has been found in a 10 cmX15 cm Sardinia stack. 
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TaBLE II. — Secondary particles. 
Obs. * 
length Plates PESI ea PB exit PB exit Iden- 
i (MeV/c) (MeV/c) (MeV/c) tity 
K-To, 65 16 126+25 1.11 +0.05 80+17 1.28+0.11 u 
K-To, 52.8 Bh TA 521525) 1.04-+0.06 124 +35 1.09 +0.06 TT 
K-To, CA 35 tz; 165+33 | 1.05+0.05 163 +40 — TT 
| | Ì 
(*) K-To, has been found in a 10 cmx15 em Sardinia stack. 


It seems reasonable to to think that K-To, and K-To, belong to the 


type: x > + x, while K-To, is an example of a treebody decay K,,. 
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[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento. 2, 135 (1955). Qui riportiamo solo il riassunto. N. d. R.]. 


Summary. — The method of constant sagitta using the cell-size tables calculated 
by Fay, GorTSsTEIN and HAIN was applied for scattering measurements on 10 identified 
flat protons and 12 7-mesons in the region of short ranges (0--5000 um). Applying 
usual noise elimination methods, a systematic deviation from the theoretically expected 
values of D, was observed in the case of protons. Diverse sources for noise or systematic 
errors were investigated. Distortion was found to be insignificant. The falsifications 
on the results yielded by: i) the error in reading the cell length; ii) the wrong alignment 
of the track parallel to the stage movement, although significant, are not sufficient to 
explain fully the systematic deviation. It is found, however, that the usual way of 
working out second differences for the double cell size from these measured in the 
basic cells is not unrestrictedly applicable for the constant sagitta method because 
adjoining cells are frequently not of equal size. It is suggested, that noise elimination 
on short tracks (up to ~ 5 mm) should either be done between two different cell schemes, 
i.e. by measuring each particle twice, e.g. once in the n-” scheme and once in the 
P.s scheme; or by applying appropriate corrections in the conventional noise-elimination 
method. The magnitude of these corrections will then depend on the alignment and 
length of the track, the mass of the particle and the scheme used. By measuring each 
particle in two different schemes, we obtain a very good accordance with the values 
expected by the formula 

Do co Me Mat 2 


without any correction to the scattering constant assumed by Fay et al. The calcul- 


ated noise-level is shown to increase rapidly for double and quadruple cell-size. 


N. 2, 1956 
20 Semestre 
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1. — Introduction. 


Results are reported of scattering measurements made at the laboratories 
of Brussels and Milan on «flat » tracks—both of particles at the end of their 
range, by the constant sagitta method [1-3] and of fast particles—in order 
to obtain an experimental calibration: 


1) of the ratio of the sagittae estimated by the method of second and 
third differences; 
2) of the errors of these estimates. 


The experimental material consistend of 46 z-meson and 30 proton tracks 
stopping in the emulsion, part of which have already been reported at the 
Padua Congress of 1954 [4] and of 34 fast tracks. In addition, the fourth 
differences were calculated on part of the stopping particles. 


2. — Symbols used. 


t = length of the basic cell. 

D, = mean value of second differences of cell nt. 
D, = mean value of third differences of cell nt. 
D 


n — mean value of fourth differences of cell nt. 


— written 
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D = scattering sagitta for cell t. 


N =a) number of cells nt after cut-off (complete overlapping); 
b) n times number of cells nt after cut-off (without overlapping). 


e = the noise. 


3. — Estimation of the mean sagitta. 


The mean sagitta has been calculated using the method of Bristol for eli- 
minating the noise. 
For the second differences 


D- | D' — Di 
E A 
for the third differences 
_ (pf pf 
Cella 21) 
and for the fourth differences 
Sal DI DÒ 
4(n? —1) ° 


The factors 3 and 4 have been calculated according to the method of 
Moliére-d’Espagnat [5] taking into account the correlation between succes- 
sive second differences. 

For the second differences the cut-off was made at 4D. As the method 
of third differences is usually applied to tracks for which the second differences 
are Livi the cut-off was made on the third differences themselves at 
4D". For the same reason the fourth differences were cut-off at 4D,". All 
cut-offs were made with- = 
out replacement. ne \ 1 e=f(2) second differences E 


4. — Estimation of the er- 
rors. 


The r.m.8. error on 
the mean sagitta can be 


{Di} _ J_ e 
ED: 


with c = f(D/e). 
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fo The quantity ec has been 
e OF Ser) Seon Sie ranees = calculated by the method of 
? Moliére-d’Espagnat. The values 
6 found have been multiplied by 


a factor 1.3 which takes ac- 
count approximately of the 
fact that the second differences 
are not normally distributed 
(M. HUYBRECHTS, Brussels, pri- 
vate communication). 

For the second differences 
c is given by curve 1 as a 
function of D/e; curve 2 gives D/e as a function of the experimental ratio 


D'|D'. Curves 3 and-4 give the same for the third differences. 


overlapping cells 
— — — non overlapping cells 


c=K2) third differences 


5. — Cell scheme used for 
constant sagitta mea- 
surements. 32 


do. 
D 


For the measurements 
by the constant sagitta 
method the standard cell 
scheme calculated by ‘5 
DILWORTH et al. [2] has 12 er 
been used. 0 O27 0.40.6 7 087 TO wie ha 6 18h 12,0) 12:2 24) 26. eB 


jo 


According to the range- Fig. 3. 
energy relation of Ro- 
me [6] the correction factor 2 has been calculated, which must be applied to 
the experimental mean sagitta in order to obtain D,: 


Da = Deh . 


mi 
BL On (Gp trd differences 


Curve 5 shows J as a function 
of the number of basic cells; curve 
6 shows the 4; from which the 7 
have been computed. For the 
protons and K-mesons the basic 
cell is the z-cell, for the 7-mesons 
it is the half x-cell. In both cases 
the noise should be eliminated 
between the double cell and the 
basic cell. 
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6. — Calibration of the 
second differences. 
30 proton tracks have "9% 
been measured, of length 
200 -980) 

8000 um < Rk < 20000 um 
(E, = 12000 um), 


and 46 7—-mesons of 


900 
leneth number of basic cells 
S 880 Lit Se Soe eee See 
1 20 40 60 80 100 140 780 220 260 300 340 ~~ 380 
2000 um< R_< 7000 um Dis 
g. Oo. 


(R_ = 4900 um). 


30 protons 
467 -mesons 
(second differences) 


number of basic cells 


| il 
20 40 60 80 100 120 140 160 180 200 220 ZAD 260 280 300 320 340 350 380 015 0.2 0.3 04 05 06 07 
Dstandard (pm) n 
Fig. 6. Fig. 7. 


The results are shown in Table I. 


TABLE I. 

Particles | e (um) D, (um) | o{D,}/Ds exp. | o{D,}/D, theor. 
= : = e —__ = e = 

( | 1.46 zis 0.18 | 1.46 

0.137 + 0.005 0.212 + 0.003 — = | =a 

- | | VIN | IN 

D 0.00 4 0.006 1.67 + 0.18 | 1.46 

> + 0.00% | ; - 0. —" ==" 

TOR) 0.140 + 0.005 0.448 + 0.0 TA) | VAN 

(*) The D, of the =-mesons is also referred to the z-cell. 


Differences from the values quoted previously [4] are due to the values 
adopted for the 2 which differ from those calculated in [4]. Fig. 7 shows the 
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distribution of the mean sagittae of the proton and x-meson groups (constant 
area). 

7. — Calibration of the third differences. 


The results are shown in Table II. 


TABLE II 


| Particles Dy, (um) | o{D;}/D, exp. | o{D,}D, theor. 

| eee er 1.56 

| p 0.224 + 0.005 | = — | 

| | VD | Vv N | 

|— = | = 

| | so. 2.00 + 0.22 1.56 | 
TT 0.477 + 0.009 | —— — | 

| NN VN 


The experimental errors are rather large. This may be due to the cut-off 
adopted, which is probably not the optimum procedure. 
8. — Calibration of the fourth differences. 

The results are shown in Table III. 


TABLE III. 


Particles | D, (um) |-o{D,}/D, exp. 
2.20 059 
p O50. 006s meee i 
VN 
2.70 Os 
x 0.475 + 0.013 SUA 
/N 
9. — Ratio of third and second differences. 
The constant sagitta results yield 
D (from 3" differ.) 
for the proton group = “ — aie 
J SISI) (from 2° differ.) pie ges) 


for the x group » = 1.06 + 0.01. 
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A group of 34 fast tracks gave 1.06 + 0.02. 

In calculating the errors the correlation between the second and third 
i difference estimates made on the same track has been taken into account. 
The calculated correlation coefficient 0 is: 


It has been shown [7], by comparison with the method of Cosyns-Vander- 
haeghe [8] that the method of third differences is efficient in eliminating the 
second order distortion. It is therefore suggested, in agreement with the results 
reported here, to measure the scattering of tracks whose distortion is not too 
irregular, by the third difference method using the empirical formula 


z m2 ba ESTR 
i! D, e: Di 


a ER 
1.06! 3(n?— 1) 
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In molte misure di microscopia si rende necessario far subire al carrello del 
microscopio una successione di piccoli spostamenti di ampiezza prefissata. 
Questo è il caso, ad esempio, nelle misure di diffusione multipla in lastra 
nucleare, che consistono essenzialmente nel determinare le coordinate di punti 
successivi della traccia di una particella ionizzante, la distanza dei quali de- 
finisce la cella di misura. 

Quando l'ampiezza della cella è ecstante, la costanza dello spostamento 
può essere assicurata facilmente per mezzo di un divisore meccanico applicato 
all’una o alValtra delle viti che controllano i movimenti del carrello: si libera 
così l'operatore dalla fatica e dalla perdita di tempo di allontanare gli occhi 
dall’oculare per sorvegliare il movimento della vite. 

Quando l'ampiezza della cella non è costante, un divisore meccanico non 
è più altrettanto comodo; basta riflettere che lungo uno spostamento totale 
di qualche centimetro si può richiedere di introdurre alcune centinaia di celle 
variabili di poche decine di micron. Quando poi le celle sono di pochi micron, 
come avviene per la misura della massa di particelle a fine percorso [1], le 
imprecisioni meccaniche si riflettono in aumento del noise-level e perdite di 
informazione. 

Descriveremo qui un semplice dispositivo che, tra i molti analoghi che pos- 
sono essere realizzati, può sostituire con vantaggio un divisore meccanico. 

Esso consiste in una testa magnetca che può compiere rapide oscil- 
lazioni di piccola ampiezza in un piano perpendicolare al traferro. Il filo magne- 
tico è avvolto su una ruota di diametro conveniente, solidale con la vite di 
controllo di uno dei movimenti del carrello, e ritorna ad essa dopo essere pas- 


re — o e  — CC —_-__——_—— 


UN DISPOSITIVO PER IL CONTROLLO DI PICCOLI SPOSTAMENTI ECC. 455 


sato nella gola della testa magne- 
tica e attorno ad una puleggia che 
‘funge da tenditore (Fig. 1). 

I segnali vengono impressi sul 
i filo quando la testa magnetica è 
ferma. Scegliendo opportunamente 
il diametro della ruota e l’ampiezza 
di oscillazione della testa, si pos- 
sono registrare senza ambiguità 
spostamenti del carrello di pochi 


micron, con una incertezza di 1—2 
micron, non differente cioè da quella 
che si ottiene per lettura diretta 
sulla testa di una buona vite mi- 
crometrica, in alcuni tipi di mo- 
derni microscopi. Come nel caso 


sura di microscopia. 


30 - Supplemento al Nuovo Cimento. 


ap 


del divisore meccanico, anche qui si evita di richiedere all’occhio lo sforzo 
penoso di adattarsi alternativamente a condizioni molto differenti di impiego : 
in sua vece si adopera un senso, l'udito, che ben poca fatica sopporta in mi- 


Il dispositivo si raccomanda tra l’altro anche per il costo moderato. 
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The work here reported consists of some results from a large scale calib- 
ration experiment which has been carried out in Bristol, Dublin and Padua 
by FRIEDLANDER, HARRIS, JOHNSON, KEEFE, MENON, MERLIN and O’CEAL- 
LAIGH. 

Constant sagitta measurements have been performed on 151 tracks of pro- 
tons and m-mesons coming to rest in emulsion, giving a sample of 15594 signals. 
The following scattering schemes were used. 


Biswas, GEORGE and PETERS [1] D{x} = 1.6 um (protons and x-mesons) 


FAY, GOTTSTEIN and HAIN [3] D{x} = 0.5 um (protons and x-mesons) 
D{p} = 0.5 um (protons) 
D{p} = 1.0 um (protons). 

Each group of tracks having the same nominal D was split up into range- 
sections, such that each section contained about 740 signals. 

The value of the scattering constant was worked out using the cell size, 

B and pfe appropriate to the median cell of the range section. The value 


of Q, (Moliére’s parameter measuring the number of collisions per cell) is cal- 
culated at this point also. 


If the law of variation of the scattering constant and the constant sagitta 


tables are substantially correct, it should not matter at what actual range 
within the sections A and Q, are evaluated. 


The samples of ~ 740 were subjected to the following cut-off procedures: 
4D vigorous, 
4D replacement, 
4D° replacement (GoLDSACK), 


Vv 4D replacement using quadratic statistics. 
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The latter was performed in order to test the accuracy of the relation 


D = 


for the truncated Molière distribution. 

A determination without cut-off was also made, but owing to the selection 
of long, flat tracks there exists a bias against nuclear scatters and little meaning 
can be attached to the result. 

A number of spurious effects inherent in the constant sagitta method were 
considered. These include dip, straggling, finite first difference when cell size 
varying rapidly, smoothing due to averaging visually over a few grains. 

Although a detailed correction is in principle possible, it is found that 
rejection of cells less than ~ 50 um in length renders all the above effects 
negligible for flat tracks. 

Noise was eliminated by statistical subtraction of an assumed noise sagitta 
0.1um. Stage noise was shown to be negligible for the instruments used for 
cell sizes less than ~ 500 um. 

Results from the three observers (FRIEDLANDER, JOHNSTON and MERLIN) 
ere compared. Mean sagitta values, for the Fay et al. D{p}= 0.5 um scheme 
(4D replacement cut-off), were 0.543-+.01, 0.539+.01, 0.549+0.1 respectively. 
his indicates that any systematic error is probably less than ~ 2%. 

Two batches of emulsion were used. Ranges of p-mesons from z-decays 
t rest were measured in each batch by CRANE in Dublin. The results are 


Emulsion Mean Range 
S 30 (Sardinia) (587 + 5) um 
CM (Bristol) (602 + 5) um 


Detailed normalization EA 


as not performed; this o JOHNSTON 
L x MERLIN 


robably contributed ap- ey, 
“averaging pee. 


reciably to the spread 
f the results. The we- 
ghts being approximately 
qual, the mean range wee | 
ay be taken as 595 + 5. 

The results for the 
arious range-sections are 
hown on the Fig. 1. of 2, 
gainst K. 

The theoretical curves 
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are obtained from the papers of GOTTSTEIN et al. [4] and of Voyvopic and 
Pickup [5]. In the latter case a 2% correction for inelastic electron scat- 
tering is added on, as indicated in the text. This partly accounts for the di- 
screpancy between the curves. 

A best fit with the experimental data would be obtained if the Molière 
curve were to be increased by 3.4 + 1.3%. The standard deviation quoted 
is based on the observed spread of the 16 samples of 740 used for the absolute 
calibration. (Five range sections are rejected from the absolute calibration 
on grounds of small cell size.) 

This work covers a region of 2, which extends from — 550 to — 1650. 
It is thus not possible to check the accuracy of the law of variation of K; 
the slope of a «least squares fit» to the experimental points would be ill- 
defined. 

Relative calibrations for the different types of cut-off are given in the 
table. The value 1.043 found for the 4D replacement case i sis agreement 
with the value 1.04 currently in use in Bristol (FOWLER, private communi- 
cation). The standard deviations quoted are based on the observed spread 
of the values obtained from all 21 range sections. 

The Table I also gives results of work on the scattering sampling distri- 
butions compared with the theoretical work of HUYBRECHTS (private com- 
munication). 


TABLE I. — Errors in the estimation pPe by scattering (*). 


T 


Type of cut-off 4D rigorous 4D replacement |\/4D? replacement | 
| | 


| 


Bificienéy = 6 60s, 9. ol 0,893 0.965 ~ 1 


Relative dispersion: 


intrinsic cut-off . . . 0.935 | 0.898 0.887 
| (0.98 + 0.05) (0.93 + .05) (0.88 + 0.04) 
universal cut-off . . . 0.79 0.84 0.6x1 
| (0.79 + .03) 
Gaussian approximation 0.756 0.756 0.707 
| 
Scattering constant. . . | 1 (1.043 + .0045) (0.9769 + .0038) 


(*) Experimental figures in brackets. 


The standard deviation of a mean absolute scattering angle determination 
is given (for the case of negligible noise) by 
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where o,, the relative dispersion, is given in the table for three types of cut-off. 

The experimental figures are perhaps slightly in excess of the theoretical 
ones but the agreement appears to be reasonable. 
| «Intrinsic cut-off» implies a cut-off based on information contained in 

each sample alone. « Universal cut-off» implies a cut-off based on all the 
samples and is effectively equivalent to an a priori knowledge of pfe. 

The theoretical relative dispersions are slowly varying functions of Q,. 
The values quoted are for B=8, B being related to 2, by the relation 
B_-nB=1n0,—- 0.115 (GOTTSTEIN et al.). 
The experimental values quoted are for B— 8.5. 
The value of the ratio 
| 


was determined also, using all the scattering calibration data and using an 
identical 4D replacement cut-off for both statistics. The determination gives 


| 


for the above ratio a value 0.993 + 0.003, so that the assumption D=V (2/2) -D? 
appears not to be seriously in error. 
An experimental investigation of the sampling distribution for noise eli- 
| mination by the cross-product method was also carried out. 
Reasonable agreement is obtained with the d’Espagnat [2] expression 
e 1619 HE +5) a 
DEA LI oe 
provided the Gaussian relative dispersion 0.71 can be replaced by the ap- 
| propriate Huybrechts value. 
There appears to be no improvement in statistical efficiency as compared 
with the small cell method, if the standard deviation for the latter is calculated 


according to the rule 


lo) cee LE 
(SLA ET ll 89n,| ’ 


(where n, and n, are the number of non-orverlapping large and small cells 


respectively, 4 the noise-signal ratio and D, is the «true» scattering sagitta. ) 
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In the present article results are given on the mass estimation of 34 heavy 
mesons by means of the following methods: 


Grain-density vs. range; 


I) 

II) Gap-density vs. range; 

I) Photometric opacity vs. range; 
) 


Scattering vs. range. 


The details of calibration used for each method will be published separatly — 
The aim of this paper is to investigate a way in which the data obtained | 
can be compared and combined. Among the 34 heavy mesons we find: i 

1) 29 cases having one single charged relativistic secondary; | 
2) 2 cases of 7; 
3) one case interpreted as +’ with E_ = 22.3 MeV; 


4) one case showing a low energy u-secondary followed by a decay 
electron, E, = 33.3 MeV; 


È : iv : a 
5) one case of a negative heavy meson giving rise to a nuclear disintegr- 
ation at the end of its range. 


The average masses of three 7-mesons (cases 2) and 3) according to 
four methods are as follows: Method I: M= (957 + 40) my; Method II: 
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M= (942 + 80) m,; Method III: M= (943 + 44) m,; Method IV: M = 
| = (1030 115) m,. The final average of all these is (955 + 28) m,. For 
i heavy mesons with a relativistic secondary (case 1)) the average masses are: 
Method I: M= (948+27)m,; Method II: M= (942+28) m,: Method III: 
M= (908 +17) m,; Method IV: M= (952 + 49) m.; which lead to the final 
average (926 413) m,. The error is the standard deviation. An additional 
error of 12 m, is added in view to take into account possible bias. This leads 
finally to M = (926425) m,. The average mass of heavy meson with a low 
energy secondary (case 4) is (1172 +56) m,. The possibility that this part- 
icle is significantly heavier than those of the 29 previous cases has been dis- 
cussed. We have investigated a statistical method to test the possible exis- 
tence of a mixture of particles of two distinct masses. Numerical results are 
given for the particles of case 1) using the shape of the mass spectrum deduced 
from the photometric measurements and the average value of the mass 
(926 +25)m,. The existence of a particle of mass around 1030 m, (or heavier) 
in large proportion is found to be very unlikely. (*) 


(*) More details are to be found in Suppl. Nuovo Cimento, 1, 169-244 (1955). 


INTERVENTI E DISCUSSIONI 


= R. H. W. JOHNSTON: 
Est-ce que l’on a trouvé un rapport expérimental entre la masse du x et celle du 
proton, par les quatre méthodes? 


— D. MORELLET: 
On n’a pas pu mesurer la masse du 7 par la méthode photoéléctrique, 4 cause de 
la fente étroite utilisée. 
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The big stacks of stripped emulsions have made it possible to bring the 
long secondaries from K-decay to rest and thus to determine their nature 
and the energy with which they are emitted. In the case of two-particle decays 
this enables us to determine the mass of the K-meson indirectly with an ac- 
curacy which is probably better than that which can be obtained in direct 
measurements. Accurate mass values are important in order to decide if 
there is just one K-meson mass in the region 900 to 1000 m, or if there are 
more than one. 

The situation is different for K-mesons, such as the x, which decay into 
more than two particles where only one is charged. In this case an indirect 
determination of the mass of the heavy meson requires a detailed knowledge 
of the energy spectrum of the charged secondary, which we do not possess 
to-day. This means that we have got to rely upon direct determinations of 
the mass of the primary particle. Such direct mass determinations can be 
made with good accuracy on artificially produced K-mesons where the mo- 
mentum is known within narrow units. One can not, however, always be 
certain in the case of rare events that the apparent momentum value is the 
true one. In those cases measurements which rely entirely upon measurements 
on the track in the emulsion are of considerable value. 

In view of the difficulties which have been encountered in small angle 
scattering experiments it appears that those methods which involve measure- 
ments of ionization and range are the most reliable ones at the present time. 
The gap-counting and gap-measuring techniques as developed in many labor- 
atories, seem to be capable of very good accuracy, although, in certain cases, 
the difference between the mass values of an individual particle from the 
comparison with protons on one side and with light mesons on the other, are 
quite large. The gap-method seems, therefore, to be in its developing stage still. 
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The Lund photometric method on the other hand is now highly developed 
and thoroughly examined in all details [1]. Mass determinations for heavy 
| mesons which decay into one charged and two neutral particles represent an 
obvious and suitable field for photometric measurements. 

The first good example of a three-body decay process of this kind was 
given by O’CEALLAIGH [2]. This x-particle, which is now known as K Br, 

decays into a y-meson which stops after having traversed 1100 um of emulsion 
| and emits an electron. Dr. O’CEALLAIGH has been kind enough to lend the 
plate to Lund for a photometric mass determination. The mass was found 
to be (955 + 70) m,. The plate is broken in several places and it was difficult 
to find suitable particles for calibration close to the x-meson. This explains 
why an error is given which is rather large for the length of track, 5300 um. 
| The mass value relative to protons is 951 m, and relative to identified p-mesons 

} 960 m,. 

Table I shows this particle and some other heavy mesons which have been 
measured at Lund recently. They are all from glass-backed emulsions. The 
distribution of the mass-values is in good agreement with the standard de- 
viation errors, which have been calculated on basis of KRISTIANSSON’S recent 
studies of the accuracy of measurements of this kind. 


TaBLE I. — Photometrically measured K-meson masses. 
| Primary Secondary 
K-particle | Di | al z 7 
| | Mass (my) Range (um) Measured by pp (MeV/c) g* 
| | 
| DER, ae 
Br, | 955 + 70 (*) 5 800 Wary Wc 11.8 stopping u 
Lu, | 1034 + 40 8000 VG, UR — ZA 
Im | 953 + 40 5400 Ko 160 + 15 0.98 + 0.03 
Lu,» 925 + 45 5200 To IC — ~ 1.0 
7 0 SB 
Luo 985 + 70 1800 Vv tsa 
Luj3 990 + 80 2600 . Reni: star 7, p(d, t) 
(*) Rel. p 951, rel. » 960. Errors are standard errors. All errors included. 


Table II shows that in an ordinary G.5 emulsion a track 6000 um long 
with a dip such that tg0<0.3 the error is + 4% standard errors. This includes 
straggling errors and errors due to the variations of sensitivity and grain-size 


between different regions of an emulsion. 
With stripped emulsions it is easy to find particles which fulfil the requi- 
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Tape II. — Present accuracy of the photometric method. 


Emulsion quality: G-5, normally developed 


Mass ~ 1000 m, 


Track-leneth . . . . - | 6000 um 
Dip angle @ .....* | t6<03 
Lotalterro es, ee | +4% standard errors 


rements of Table II, and we may hope to be able to add to our knowledge of 
the number of different heavy mesons between 900 and 1000 m, by means 
of photometric measurements as soon as a sufficient number of x:s, t':s and 
K,:s have been measured. 


REFERENCES 


[1] K. Kristiansson: Arkiv f. Fys., 8, 311 (1954); S. von FRIESEN: Archiv f. Fys., 
8, 305 (1954); S. von FRIESEN and L. SHGMARK: Archiv f. Fys., 8, 121 (1954). 
[2] C. O’CraLLaAIGH: Phil. Mag., 42, 1032 (1951). 


| 
INTERVENTI E DISCUSSIONI 
| 


=— R. H. W. JOHNSTON: 


Is the standard deviation quoted (- 40 m,) based on the observed spread of the 
successes of the calibration particles? 


— §. VON FRIESEN: 


Yes. 
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We report here some interactions of heavy particles at rest found in the 
Sardinian stacks and in the G-stack by the Genoa-Milan group (Table I). 


Event GeMi, (Plate 1). 


Measurements on the primary particle exclude that it is a hyperon (the 
value for the mass, obtained with constant-sagitta, is (910 + 200) m,). 

There are three products of the interaction: the first track is a (p, 4, t) 
with an energy of 1.6 MeV if proton. The particle 2 gives rise to a secondary 
disintegration; the track is very short (only 7 pm); an indication that we have 
to do with a particle of mass higher than that of a x has been obtained by 
measurements of thickness of the track, carried out by Dr. LADU. 

As discussed by Dr. LEVI SETTI [1] it is probable that this particle is a 
hyperfragment, though it cannot be excluded that it is a hyperon. 


The third track has a length of about 1mm and only an estimate of the 
~1.3 times the plateau is consistent with 


If a proton its energy would be 


ionization is possible. The value of 
a L-meson of kinetic-energy about 65 MeV. ( 


(*) On leave of absence from Istituto di Fisica dell’ Universita, Cagliari. 
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i 


TABLE I. — Heavy mesons and hy 
PRIMARY 
Event Range No. Mass | Parent Associated — 
(cm) plates (m,) | star | events 
= | | 
GeMi, 1.85 WN 910 + 200 | 2146 p None 
| 
GeMi, 0.029 1 18+ 3p None 
GeMi, 0.144 1 (3000 + 1600) 4+1 (2) K-GeMi,, 
from constant sagitta Rx = 0.56 em 
~ proton from ionization My = (990 + 360) 
Secondary steep 
g* 
GeMi, 0.19 3 1600 + 900 2+0n None 
Ra | 
1 


~ 400 MeV). We can assume then that this event represents the reaction 


or 


K +n>7-+4+A° 


K +n>7n-+ D° = 
DA 


1 
y + At ¥ 


LS 


(bound in the hyperfragment). 
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se to capture stars. 
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DISINTEGRATION PRODUCTS 


Range | No. 1 Energy HBR SS 
(um) | plates ae (MeV) 
| ae 
42 Nn p-d-t 1.6 (p) 
| 
7 gi unstable Undergoes non mesonic decay. 
fragment (See F-GeMi,). 
> 1120 2 probable light ~65 gt = 1.28 + 0:1 
meson (if p, E ~ 430 MeV) 
15 560 + 300 3 mt (0) 30.5 + 1 Particles 1 and 2 non collinear. 
| 171° between the directions of 
| the two particles. 
15 +1 1 p-d-t- 
262 1 p-d-t 5 (p) Probable oY. 
ae! 1 p-d-t 0.3 (p) 
2500 5 p-d-t 24 (p) Possible oY 
300 1 p-d-t T.4DI 
132 1 p-d-t 4.2(p) | Recoil in addition to the 4 
branches. 
30 1 pdt 1.7 (p) 


If, as is possible, though less probable, th 
tive hyperon, the reaction could be: 


In all these cases it would see 
products is disturbed by th 


e interconnecting track is a nega- 


K+poY 4°. 


e fact that the reaction occurs 


m that the energy of the two primary reaction 


within the nucieus. 
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Event GeMi, (Plate 2). 


This event is representative of the difficulties which we have to face in 
the interpretation of such cases. The primary track is 260 um long and we 
did not attempt as yet to establish the mass and the charge of the primary. 
It is however reasonable to consider it as singly-charged since no 6-ray is 
distinguishable along the whole 260 um. 

The two visible products are a 77 which gives rise to a o, star (its energy 
is (30.5+1) MeV) and a track 15 um long which could be a (p, d, t) or an 
a-particle. The two tracks are not collinear (171° between the two directions). 

This event could represent the interaction of a K” or a YT or the disinteg- 
ration of a hyperfragment. This latter possibility is examined in detail in 
the report on hyperfragments [1]. 


Event GeMi.. 
The interacting particle GeMi; gives rise to a star of two black prongs. 


This particle is associated in its parent star with K-GeMi,,; measurements 


TOTAL NUMBER OF GAPS-RANGE s TOTAL GAP LENGTH-RANGE 


1000 


0.075 um 


1 div, 


100 


10 + INTERACTING PARTICLE GeMi 5 + INTERACTING PARTICLE GeMi 5 


RANGE in ym 
100 2 335. 1000 2 ea 100 2 345 1000 2 J) 455 


ios 


give the mass of the primary of K-GeMi,, as (990 + 360) m,; the secondary 
is steep and the only information available is this that its ionisation is about 
at the plateau value. 


LU. BAccHELLA, M. DI Corato, M. Lapu, R. LEVI SETTI, L. SCARSI 
and G. TOMASINI 


0 SOum 


Plate 1. 


L. BaccHELLA, M. DI CorATO, M. Lapu, R. Levi SETTI, L. SCARSI 


and G. TOMASINI 


Plate 2. 
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The fact of this association with a K*, led us to spend some time in trying 
to decide if GeMi; were a Y or a K. 
| The track lay in the corroded surface region of the emulsion for the greater 
part of its length. Gap-length and gap-counting measurements were made 
on it and in 3 proton tracks lying as near as possible in the same conditions. 

The results shown in Fig. 3 indicate 
a mass nearer that of the proton than 
of the K-particle. They are not, howe- 
ver, decisive and could in fact be indi- 
cative of a particle interacting in 
flight, though the scattering of the 
track shows the particle to be very 
near to the end of its range. 

In the first section of the track 
(— 200 um), which lies in the middle 
of the emulsion, it has been possible 
to obtain some indicative information 
by measurements of variation of thick- 
i ness with residual range. 05-10" arno 15-10%g 

Measurements in progress on pro- 
tons [2] show a maximum on the thick- 
ness at about 100 um of residual range. 
The position of this maximum should 
depend on the velocity of the particle. If we plot thickness versus B of the 
determined particles, we should find the maximum at the same value of f for 
all singly-charged particles. If our assumption as to the mass of the particle 
is wrong, we will find the maximum displaced. The results of the measure- 
ments are shown in Fig. 4. Here the calibration protons are represented by 
black dots; circles represent the particle GeMi, considered as hyperon and 
crosses GeMi, considered as K-meson. Adding this information to that given 
by scattering measurements, we can consider GeMi, as a negative hyperon. 


135 — 


1 DIV. = 0.075ym 


MEAN THICKNESS ¢ Div. 


Fig. 4. — * three protons 
fo unknown particle if hyperon 


Ge-Mi;: NCAA 
| + unknown particle if K-meson 
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Associated Production of Unstable Particles. 


J. H. DAVIES, D. Evans, P. H. FOWLER, P. R.FRANQOIS, M. W. FRIEDLANDER, 
R. HiLLER, P. IREDALE, D. KEEFE, M. G. K. Menon, D. H. PERKINS 
and C. F. POWELL 


H. H. Wills Physical Laboratory - University of Bristol 


(Reported by P. IREDALE.) 


In addition to the event in which two K-mesons are observed to emerge 
from a nuclear disintegration (described by KEEFE in his report on negative 
K-mesons), we wish to report two other cases of associated production. 


(a) x-meson and X-particle. 


From a star of type 10-+20x, two heavy unstable particles emerge. One 
is a heavy meson which travels a distance of 3.61 cm before coming to rest. 
The charged secondary particle which is emitted leaves the stack after a dis- 
tance of 3.87 cm, contained in 5 emulsion strips. From scattering measure- 
ments, the energy of this secondary at emission is found to be (108+ 5) MeV. 
Tonization measurements combined with this serve to identify the secondary 
as a r-meson, and we therefore identify the parent particle as a y-meson. 

The other unstable particle decays in flight after travelling a distance of 
only 217 um. The charged secondary particle, emitted at a forward angle 
of 89.7 0.5° (in the laboratory system) produces a 3-prong star after tra- 
versing 3.82 cm of emulsion, and has been identified as a x-meson. From 
ionization measurements, its energy at emission is estimated at (84.4--2.2) MeV. 
Although the primary particle has a short track, its velocity may be deter- 
mined from its ionization with sufficient precision (6 = 0.308 + 0.025) to 
permit a reliable estimate to be made of the Q-value for the assumed decay 


Y* >r*+n+Q. The value so obtained is Q = (115 + 5) MeV, which iden- 
tifies the hyperon as a X-particle. 
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(6) *H and a heavy meson. 


Together with the *H excited fragment (described by FRANGOIS in the 
Bristol report on fragments), there is emitted from the parent star 22 + 3p 
a heavy meson. Emerging from this star with a kinetic energy of 271 MeV, 
this meson, while still in flight, produces a two-prong star after travelling a 
distance of 18.7 cm. Both prongs have been traced to rest and identified as 
protons. The velocity of the meson at the point of interaction was f = 0.61, 
and its mass (from scattering and ionization measurements) was (963 +90) me. 
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The Lifetime of Hyperons. 


J. H. DAVIES; D. Evans, P. H. FOWLER, P. R. FRANGOIS, M. W. FRIEDLANDER, 
R. HirLeR, P. IREDALE, D. KEEFE, M. G-.K. Menon, D. H. PERKINS 
and C. F. POWELL 


H. H. Wills Physical Laboratory - University of Bristol 


(Reported by D. KEEFE.) 


At the Padua Conference, the Rome group showed how hyperon events 
found in the course of scanning in photographie emulsions could be used to 
obtain an estimate of the mean lifetime of hyperons. The method was an 
extension of the statistical procedure introduced by BARTLETT for the analysis 
of Wilson chamber data, and was designed to utilise to the full the rather poor 
number of events then available. Since the detection probability of a hyperon 
decay event is a function of the hyperon velocity, when it is found by scanning, 
the method involved corrections for scanning bias. However, in the course 
of several experiments by different groups at Bristol, 14 hyperons have been 
found in a completely unbiassed way. It has been possible to use these to 
obtain a lifetime estimate free from the disadvantage of using corrections 
for scanning bias which are rather difficult to estimate accurately. 

These hyperon decays have been found by tracing tracks out from stars 
without prior knowledge of their identity. The observation procedure then 
has clearly no bias in favour of hyperons decaying early or late. Two times, 
t and 7, have been defined in the usual way: t = time of flight to instant 
of decay, T= time of flight during which decay could have occurred without 
escaping detection. Both t and 7 were measured from the same origin which 
did not coincide with the instant of production. The reason for this is that 
a certain minimum length (dependent on ionization) is required, before a 
hyperon decay will be unambiguously identified. For example, if decay occurs 
very quickly there may not be a sufficient length of primary track to distin- 
guish a decay from a scattering event. 
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The analysis is similar to that described in BARTLETTS paper and the 
fiducial limits can be estimated by using a slight modification of his functions 
S(6). The mean lifetime obtained for the 14 hyperons is 


Ge 6) ita. 


The 5% fiducial limits (i.e. 23% in each tail of the distribution) are 2.9-10-11 
and 11-10-11! gs. 

Of the 14 hyperons, two are examples of E-particle decays and one is a 
hyperon giving rise to a proton secondary, whereas the remainder are hyperons 
giving light meson secondaries, all with @-values consistent with 110 MeV. 
The mean lifetime for the 11 Y > events is 


AZZ dA 1 Se 


L 


with 5% fiducial limits 2.2-10-!! and 8.2-10-11 s. 


N. 2; 1956 


SUPPLEMENTO AL VOLUME IV, SERIE X 
20 Semestre 


DEL NUOVO CIMENTO 


Observations on K-Mesons and Hyperons. 


M. V. K. APPARA0, S. Biswas, R. R. DANIEL, D. LAL, S. MITRA, 
B. PETERS and RAMA 


Tata Institute of Fundamental Research - Bombay 


In this investigation two stacks [1] consisting of 200 and 125 sheets of 
6 in. x 6 in. x 600 um Ilford G.5 emulsion strips were used which were flown at 
A=19°N and A=15°N respectively, during February-March 1954. These 
two stacks had exposures of about 8 hours and 3 hours above 60000 ft respect- 
ively. For the alignment of these emulsions after processing, we used grids 
of 20 um thick nylon fibres soaked in Polonium, between successive emulsion 
sheets, and the radioactive markings left on adjoining surfaces were used as 
reference marks. By this method the emulsions were aligned to a mean ac- 
curacy of 20 um. 
The search for heavy unstable particles has been made by: 
a) following 7*- and 7--mesons ending in emulsion back towards their 
origin, 
b) following «grey » tracks of .25< <.5 emitted from stars towards 
the end of their range, and 


c) by systematic scanning. 


The following twentythree events of heavy unstable particles (excluding 
a number of K,-mesons) were observed in these two emulsion stacks: 


8 z-meson decays (including one anormal t-decay), 
1 0*-meson decay, 

1 K -capture, 

3 interactions of fast K-mesons, 
8 A°-decays, 

1 X+-decay at rest, 

ib 


x -capture. 


1 
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Of these events, the analysis of t-meson decays has been reported in a 
separate paper [2]. The remaining events are discussed on the present paper. 

In the analysis of these events we have used the range-energy relation 
computed in our laboratory [3]. ag 


1. — 6+ meson decay. 


In this event, published earlier [4], a K-meson ejected from a star of type 
16+0n came to rest after traversing 5 mm and decayed into a nearly rela- 
tivistic particle. The secondary particle track was very flat in the emulsion 
and after traversing 4.05 cm in two emulsions, it produced a nuclear dis- 
integration of type 5+0p. 

The mass of the primary was obtained as (9375) m, from constant sagitta 
scattering measurements. The secondary particle is identified as a 7-meson 
of energy of (111 + 12) MeV from scattering and grain density measurements 
and also from the fact that it interacts. Assuming the neutral secondary to 
be a x°-meson, the calculated mass of the primary agrees well with the direct 
mass measurement of the primary. Therefore, the event is interpreted as the 
decay of a K-meson according to the scheme: 
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2. — K- eapture [5]. 


A 2.9mm long K -meson ejected from a 7+ 8p type star came to rest and 
gave rise to a capture star. The measured mass of the K-meson was 
(1040 +200) m, from constant sagitta scattering. The secondary star had three 
prongs, due to a ~-meson of energy of 44.4 MeV, a proton of energy of 
73.4 MeV and a small recoil of 3.7 um. The peculiar feature of this star is 
that if the x--meson and the proton are assumed to originate from the decay 
of a neutral particle, the Q-value is found to be (36.7 + .9) MeV, which is 
very close to the well known Q-value of (37.4 + .3) MeV of A°-particle decay. 
If this is not accidental, the event may represent the production of A° in the 
capture of K -meson and the A° decayed immediately or within a small dis- 


tance <1 um. 


3. — Interaction of energetic K-mesons. 


a fast particle emitted from a star 
one of which is a t-meson in two 
e interconnecting 


In three events, published earlier [5], 
produces a secondary star of 3 black prongs, 
cases and a K,-meson in the third case. In all three cases th 
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particle can neither be a 7-meson because a 7-meson track will exhibit much 
arger chang f grain-density than actually observed, in traversing compar- 
larger changes of g ) 

able distances, nor a proton, deuteron or triton, because the proton (?H or *8H) 
has not enough energy in centre-of-mass system of collision with a nucleon 
to create a K-meson of mass 965 m,. So the interconnecting particles must 
be K-mesons. So we conclude that fast K-mesons with energies between 150 
and 250 MeV can cause nuclear disintegration and lose a substantial fraction 
of their kinetic energy without losing their identity. 


4, — A°-decays. 


Among eight events of A® decays observed in our detector, we have selected 
five cases where both the decay products come to rest and therefore, accurate 
Q-values can be obtained. The stopping power of the emulsion and the mean 
emulsion thickness were determined from measurements on flat and dipping 
u-mesons from x-u decay and on dipping heavy primaries as described in the 
analysis of t-meson data. The error in the @-value is calculated from: 


a) Straggling; the straggling error [6] was increased by 20% to obtain 
agreement with experimental results of Fry and WHITE [7]. 


b) 5% uncertainty in the emulsion thickness. We found that in a given 
batch the variations of emulsion thickness were of the order of 2% except 
for occasional values as high as 5%. 


c) Estimated probable error in the measurement of the angle (the effect 
of distortion on the angle between the tracks was corrected. This was found 
to be less than 1°, in these events). 


The Q-values for 5 A° decay events are: 


(39.3 +1.1) Mev 
(39.2 + 0.9) » 
(36.9 + 0.7) » 
(8732205) > 


(26,90) 


In the 4-th event, a star close to the origin of A°-particle. For this event the 
Q-value is very accurately determined as: 


O Rio 4235) eiley a 
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We see that the agreement between the Q-values in the last three events is 
very good, while the first two are nearly 2 MeV higher and do not agree with 
the rest within errors of measurements. Whether this indicates the existence 
of iS slightly different Q-values for A° decay can be decided from more events 
of this type where accurate Q-values are obtained. 


5. — Charged hyperon events. 


A charged particle of protonic mass of range 2140 um came to rest in the 
emulsion and gave rise to a secondary proton track of range 1660 um. The 
primary track could not be traced backwards in the next emulsion, and it is, 
therefore, concluded that the event was formed before the assembly of the 
stack. It was definitely established that the event could not be due to a 
large angle scattering or due to a two prong star. The energy of the secondary 
proton is (18.8 + .2) MeV, and the event can be interpreted as decay at rest 


of a positive hyperon according to the scheme: 


xt >p+ n° + (116.1 + 1.2) MeV 
sand M,. = (2327+ 2.4) m,. 
In the second event, a heavy particle of protonic mass originating from 
1150p type star came to rest in the emulsion after traversing 29.3 mm, and 
lgave rise to a steep heavily ionizing track of range 1733 pm. There is also 
a probable recoil track at the end of the primary. An electron pair was found 
to originate at a distance of 68 um from the end of the primary. The pair 
is not resolved for the first 75 um and, therefore, its direction and the dip 
angle could be measured accurately. On projecting the pair backwards we 
find that it meets the end of the primary track within 1 pm. The true angle 
between the direction of the electron pair and the backward projection of the 
secondary track is 38° + 1°. 
The mass of the primary by constant sagitta method is found to be 
(2100*55°) m, and the steeply dipping secondary was found to be due to a 
euteron or triton from constant sagitta scattering using 3rd and 4th order diffe- 
ences [8]. The energies of the electrons forming the pair were (39.6 4-8.4) MeV 
nd (52.6 + 6.4) MeV, yielding an energy of (92.2 + 10.5) MeV for the photon. 
ence the observations are consistent with the interpretation that the event 
epresents the capture of a negative hyperon at rest where the disintegration 
roducts are possibly a deuteron or a triton, a recoil, and a 7° or a y-ray. 
However, since the identity of the short and steep secondary track and 
xistence of the recoil may be not absolutely certain, we examine the alternative 
‘interpretation of the event in terms of decay of a charged hyperon into a proton 
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and a 7°-meson, the latter being the source of the observed electron pair. 
This interpretation can be verified by comparing the observed energy of the 
pair with that expected for a photon resulting from the decay of a 7°-meson 
of momentum equal to that of the secondary proton and appearing in the 
laboratory system at an angle 38° + 1°. The calculated photon energy for the 
observed angle of emission is (108.7 + 4.5) MeV which agrees with the mea- 
sured value of (92.2 + 10.5) MeV outside one standard deviation. If the event 
is interpreted as A+ > p+ 7°+ Q decay, the Q-value would be (117.9+1.5) MeV. 

Finally, we conclude that the observations favour the interpretation that 
in this event we are not dealing with a decay, but with the nuclear capture of 
a hyperon. 
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A Super Sigma Star Produced by the Capture 
of a Negative K-Meson. 


TSsAI-CHÙ 


Faculté des Sciences, Sorbonne - Paris 


A stack of plates 836, consisting of 40 sheets of 600 pm G, emulsion 10 em 
by 15 cm’, was exposed by balloon over Sardinia and was developed in Bristol 
to a minimum ionization of about 11 grains per 100 pm. We have studied 
only the unstable particles which give rise to nuclear interactions or to slow 
secondary particles. After having examined more than 10000 events, half 
of which were single tracks terminated in emulsion and the other half were 
stars, we found a 7-meson, a K-meson and several nuclear interactions. A six- 
prong star, or super sigma star, was observed at the end of a K,-meson. 

This K,-meson came from the top of a plate, traversed five successive plates, 
left a total track of 44000 um before coming to rest, and produced a six- 
prong star. The resting point of each prong was found by following the track 
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through the neighboring plates. Prongs number 3 and number 6, having a 
large angle of dip (angle £) traversed 14 and 10 plates respectively. As the 
thickness of the plates depends on the humidity conditions in the atmosphere 
so the plates had been constantly checked during the measurements. For 
the calculations of the angles f and the ranges in emulsion, we assumed each 
emulsion sheet to be 600 um and we added 5 um to this thickness for each 
paper inserted between the sheets during exposition. 

Fig. 1 shows a projective drawing of the star. Near the centre of the star 
is a little blob (prong 7) due to nuclear recoil and the line of prong number 6 
does not trace exactly through the centre of the star, missing it by a perpen- 
dicular distance of about 0.5 um. Prongs number 1, 3, 4, 5, 6 can be iden- 
tified as protons; while prong number 2 is probably a deuteron. We measured 
the angle «x counter-clockwisely from the X-direction and measured the angle 6 
from the projection of the track perpendicular to the Z-axis, which is normal to 
the plane of the plate and which has been assumed positive on the side of 
air (a), negative on the side of glass (v). Table I indicates the ranges and 
energies of particles. The total kinetic energy, calculated from ranges, amounts 
to 159 MeV. As this energy itself is already greater than that of a 7-megon, 
we can rule out the possibility of a primary z-meson. Direct measurements 
of the mass of the primary particle give (933 + 123) m, by scattering with 
constant sagitta method and (854 + 100) m, by ionization using the method [1] 
of blobs and gaps; the former result has been deduced from a distance of 
1.5 cm from the end of the trajectory, whilst the latter from a distance of 
0.6cm. We are continuing with these measurements. 


TABLE I. 
4 : Range | Energy | Momentum | 
Particle Nature Angle « Angle Bp | (ee, (MeV) | (MeV/c) | 
| 
| 
Primary ike 185° 20” 3° 20' a 44000 a= = 
Sec. 1 p 169° 30' 45! v 2296 22.2 205.1 
| Sec. 2 d (or p) TSO 11040’ v 218.7 7.8 171.3 
| Sec. 3 p 64° 40" 26° 10’ a 13618 60.1 341.2 
Sec. 4 Pp 33° 50" 8° 25/ a 408.7 8.5 126.4 
ECO p 343° 19° 50’ » 1652 18.3 186.2 
Sec. 6 ID DIL'OCM0 41° v 7410 41.7 282.7 
Sec. 7 p(?) 2700 — 1.6 0.3 | 22.5 
X E = 158.9 MeV 
Dp,= +57.6MeV/e; Xpy= + 374.8MeV/e; Xp,=— 116.7 MeV/c. 


The capture of this K,-meson by a nucleus leads eventually to the dis- 
integration of the nucleus and thus there is no more energy of the K,-meson 
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available for the emission of a 7-meson or a hyperon in the final state. Such 

a mode of capture may be of interest because it enables us to estimate the 

i mass of the K_-meson. If the disintegrated nucleus were a nitrogen nucleus, 
we could establish the following reaction 


_K+#N>5!H, 


The rest energy of this K _-meson is transformed into 


(1) Kinetic energy for the charged prongs = 158.9 MeV, 


(2) binding energy of the nitrogen nucleus = 5:1.00813 + 2.014722 + 
+ 7-1.00893 — 14.00795 = 0.11032 mass units = 102.7 MeV, 


and 


(3) kinetic energy for the neutrons can only be estimated = (7/6)-153.9 = 
= 185.4 MeV. 


We could obtain 447 MeV or 875 m, for the mass of the K,-meson. If the 
blob number 7 were a prong of the disintegrated nucleus which subsequently 
could be an oxygen nucleus, the mass of the K_-meson would vary from 972, 
916 to 853 m, according to the blob being a proton, a deuteron or a triton. 
Tt would perhaps be less probable to suppose the explosion of a heavy nucleus 
(Ag or Br), but the mass of the K,-meson would not change very much, if 
we suppose the number of neutrons produced equal to 1.25 times [2] that of 
the charged prongs. 

The mass of the K,-meson is, within 10%, equal to that of a t-meson. 
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On Stars Produced by K -Mesons and Hyperons at Rest. 


M. TEUCHER 


Physikalisches Institut der Universitat - Bern 


In one of the Sardinia stacks we found 2 K -mesons and 1 hyperon coming 
to rest and producing stars. The details of the primary particles are given 
in Table I, the details of the stars in Table II. 


TABLE I. — Primary particles. 


Parent star | Range (um) Mass (m,) 
> 600 (Gee) 
K-Be, 18) >= In 2930 
| DO (x, R) 
900 + 100 (G, R) 
K-Be, 38 + 5a 43 000 
961733 (x, R) 
2620! es (x, R) 
Y-Be, 6 + 3p 5 300 


2400 +300 (G, R) 


In the case of K-Be, and Y-Be; the assumption is made that all the 
prongs belong to protons. There seem to be no charged mesons or hyperons 
among the prongs because we could not find any decay at the end or in flight. 
All the energies given in Table II do not include binding energies. 

In the case of K-Be, it is higly probable that a neutral hyperon is emitted 
in the K-star. In a distance of 27 um from the K--star there is a typical 
V° event. Both the proton and the z-meson come to rest in the stack. From 
their data we could calculate the mass of the decaying particle to be 
(1114+2) MeV, which is identical with the mass of the A°. The calculated 
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line of flight of the A° goes through the K -star within the errors of the measu- 
rements. Including the binding energies one gets for the energy of this K -star 


(300-410) MeV. 


TaBLE II. — Prongs of the stars. 


| Range | Energy 
| da | (MeV) Identity 
| 
4 0.4 recoil 
22 ite p 
K-Be, | 19600 90 +10 10) 
257 4.9 + 0.6 IAS 
58 2.55 
85 3.25 
K-Be, 1172 15.5 
5980 39.0 
15000 66.0 
84 3.2 
183 5.2 
210 | 5.6 
Y-Beg 398 8.3 
| 444 8.8 
1730 119.4 
| 10 600 54.0 


About 80% of the prongs of the parent stars could be followed to their 
ends. No charged K-meson or hyperon could be observed. 
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Some Further Measurements on the New Hyperon. 


Y. EISENBERG 


The Weizmann Institute of Science, Physics Derpatment - Rehovoth 


The analysis of the new hyperon event [1] has been continued, and we wish 
to present here the results. We shall recall that particle Y, is emitted from 
a 5+11p-type star, and that after travelling for 5.700 um it suffers a 10° de- 
flection. The track after the deflection point (point « A ») is labelled K,. 
The velocity of Y, is 6, = 0.446 (determined by ionization measurements) 
and the mean scattering a(Y,) = (0.072 + 0.016)°/100 um. Its mass is there- 
fore M(Y,) = (1640 + 360) MeV/c? = (3220 + 700) m,. 


It has been shown in ref. [1] that K, is a K -meson, inducing a « super » 
c-star at the end of its range. We wish to add that the mass of K, has been 
re-computed, using third differences, and the results are M(K,) = (840 + 
+ 190) m,. This, together with the fact that the grain density-range relations 
of K, agree very well with the expected ones for a particle of mass ~ 1000 m,, 
seem to exclude the possibility that the whole event is a negative hyperon 
whose mass yields a smaller value after point « A » because of distortion in 
the emulsion. 


The expected mean scattering angle of K, between the point «4» and 
the primary star is a = 0.252°/100 um. This has to be compared with 
the observed value x, = (0.072 + 0.016)°/100 um, the difference being 
0.180°/100 um, namely, over 11 times the standard error. This is of course, 
the main reason for assuming that Y, is different from K,, and that we observe 
here a decay process: YT > K™ + neutral(s). However, due to the great 
significance of this conclusion, we have remeasured the ionization of Y, by 
the photo-electrie method of Van Rossum. (We are extremely grateful to 
Dr. VAN Rossum, Faculté des Sciences, Paris, for suggesting and performing 
these measurements). 


The measurement was done in the following manner: using a sufficient 
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number of ealibration tracks, protons and z-mesons of known ranges, bein 
within 10% of the dip and ionization of Y,, we could determine RE 
range of a K-meson having the ionization of Y,. This calculated ane feng 
pui to be R cale. = 19440 um, compared to the observed range i no 
distance to the «super» c-star) of 24200 um. Therefore, Y, is indeed Spes 
than K,, the ratio of the ionizations being 91/9. = 1.10 + 0.03, Se g > 
the observed ionization of Y,, and g, is the expected ionization of a ee 


(mass = 965 m,) between « A » and the parent star. This is an entirely inde- 
pendent support to the assumption that Y, decays into K,. The above ratio 
of ionization is identical with the previosuly reported [1] value obtained by 
conventional grain counting methods. : 

An alternative interpretation of the present event has been suggested 
recently [2]: the event is to be regarded as a nuclear inter: ction o fast 
hyperon, namely Y +n >K +n-+n. Such an interaction undoubtedly 
exists [2, 3], however, it seems to us that the energetics will not be ai 
even if we assume the hyperon Y, to be of the cascade-type, & , of mass: 
2590 m, (1320 MeV). The kinetic energy of a & hyperon of velocity f, will 
be 7, =148 MeV. Thus, the system in the initial state may be regarded 
as containing 2 neutrons + 528 MeV. In the final state we have 2 neutrons a 
+493 MeV (rest mass cf K,) +62 MeV (kinetic energy of K,, using 
M(K,) = 965 m,), namely, 2 neutrons + 555 MeV, not counting the kinetic 
energy of the two neutrons, which may be quite large. But, even if we neglect 


the neutron energy (*), the total energy is not balanced, therefore we think 
that the above interpretation is unlikely. Also, the event observed by FRY et 
al. [4], in which a K-meson seems to be emitted from an unstable fragment, 
could be interpreted as an hyperon of the same type as Y,, bound in a frag- 
ment, but could not be interpreted as above (namely, as a nuclear interaction) 
since the kinetic energy is small. 

Analysis of the primary star from which Y, was emitted seems to indicate 
that one of the grey prongs, emitted at 16° to Y,, is a K-meson. The K-meson 
leaves the emulsion block after about 9000 um, therefore its charge could 
not be determined. Its mass was determined by two independent methods: 


a) Scattering-ionization. — The average value of g* over the entire 
track length was: g* = 2.93. The values of pf and the mass are 


pp (MeV/c) Mass (Mo) 
second differences, A? 131 + 15 1070 + 130 
third differences, 4? 155 + 19 1260 + 170 


(*) If the two neutrons take zero energy, which is hard to imagine, a momentum 
of 400 MeV/c has to be balanced by the nucleus in which the interaction took place. 
In such a case a recoil may be expected to be observed, but is not seen. 
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b) Ionization variation along the track [5]. — The ionization in this re- 
gion of g*, can be approximated by g*=c + d(M/R)°*, where e and d are 
constants. 


Let g*, be the ionization at the point R-+a, and g, at the point R—a. 
Then R = a(g+g%)/(g, —9;) and M7? = (d2/2a)(g7? — 97°), where g, = gf — c. 
In the present case, we had: g* = 2.79, gf = 3.05 and a =2300 um. 

We therefore get for the mass of the K-meson 


M,, = (840 + 240) m,. 


Thus it may be concluded that we indeed observe a pair, hyperon + heavy 
meson, produced in a single nuclear interaction. Several other examples of 
such «pair» production of hyperons and K-mesons have already been re- 
ported. 


The author wishes to thank 8. RosENDORFF for helping in the measure- 
ments and calculations. Miss P. ABRAHAMSON and Miss R. PARDO helped in 
the calibration measurements. Their effort is greatly appreciated. 
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Mass Measurements on Fast Particles from Stars. 


P. H. FowLER and D. H. PERKINS 
H. H. Wills Physical Laboratory - University of Bristol 


(Reported by P. H. FOWLER.) 


In a systematic analysis, in stripped emulsions, of fast grey tracks emitted 
from showers which we have carried out over the last two years, we have 
imade mass measurements on rather more than 300 tracks. 

The tracks chosen were those whose geometry was suitable and whose 
\velocities lay between 0.5 and 0.8 c. The corresponding values of g lie bet- 
ween 2.5 and 1.1 times the plateau value. The stars chosen had 3 or more 


ishower particles in them. 
We found 


8 K-mesons including 1 y and 1 7, 


2 hyperons which decayed in flight, 


| 
304 protons, 
21 deuterons, 


and 2 tritons. 


The remaining tracks with geometry similar to those above, were produced 
by some 200 z-mesons in the same velocity range, roughly 1000 showers 
particles with 6 > 0.8, and 3000 slow particles. 

For the first 150 tracks, as has been reported before at the Rochester con- 
vferences (FOWLER, 1954 and MENON, 1955), an attempt was made to obtain 
\ high precision values for the mass of the individual particles. An average 
of 8cm length was used, which would typically be in perhaps 8 different 
jemulsions. The grain density was determined at intervals along the track, 
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and the scattering measured along the entire length available. One might 
then hope for a standard deviation in the mass of about 6%, the error being 
mainly due to the statistical errors in the determination of the multiple scat- 
tering. The proton peak was indeed narrow, but in addition there were 12 tracks 
whose apparent mass averaged about 1480 m, (see the Rochester Conference 
reports). Six of these tracks were of exceptionally good geometrical quality, 
and 3 were slow enough to change their grain density appreciably. From the 
rate of changed grain density one deduced an average mass of (1500+ 150) m, 
for the three tracks, one being especially remarkable in giving a value of 
(1290+ 200) m,. Too much notice should not of course be taken of this last 
estimate, because an inelastic nuclear interaction, which might escape notice, 
could give one an anomalously low mass. But this process does not affect 
the mass determination made from multiple scattering and grain density 
measurements, since to a first approximation both are made over the whole 
length of track. 

It was obvious therefore that one needed greater lengths of track to try 
to bring these patricles to rest, and see if they were really protons. So we 
transferred to the G-stack when it became available. 

In the G-stack we did not repeat the previous experiment exactly but first 
of all measured only 2 cm of each track. If the mass so determined was below 
1500 m,, more track length was measured, or the track was followed to rest. 
Out of 170 tracks so investigated in the G-stack, all those whose first mass 
determination was low gave a final mass ~ 1000 m,, or appeared to be protons. 
We did not find tracks giving an apparent mass — 1480 m, over long lengths 
in this second sample. From the results in the first sample we might have 
expected 4--5 to have been picked up if the particles of mass ~ 1480 m, 
really existed with the frequency suggested in the former investigation. 

I would finally like to say that we do not understand the actual cause 
for the earlier results. We had checked the distortion, and grain density of 
the track and of others in the same star carefully. For the distortion check 
we had measured a large number of relativistic «-particle tracks of geometry 
similar to the tracks we were trying to measure. These are analogous to field- 
free track measurements in cloud chamber work. Similar measurements have 
now been reported by the Bombay group (BISWAS, PETERS and RAMA, 1955). 
In stripped emulsions, conditions are a little more favourable than in a single 
cloud chamber, because the track is measured in several emulsions, and the 
few regions of bad distortion appear to be randomly distributed in the stack. 

For grain density checks we were fortunate in that in a number of cases 


there was a second track in the same star. In each case however the second 
track was normal. 


To conclude therefore: Our result is that while finding a group of apparent: 
mass ~ 1480 m, in the first stack, in the G-stack we find no evidence for 
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such a group. The reason for the appearence of this group in the first stack, 
if they were in fact protons remains obscure, which is unsatisfactory. 
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A Study of two Branch Stars. 


M. pi Corato, C. DirwortH, D. HIRSCHBERG, L. HIRSCHBERG, 
L. Scarsi, P. SoLARI and G. TOMASINI 
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(Reported by G. TOMASINI.) 


2385 two-branch stars were found in 37 cm3 of emulsion (called the S-vo- 
lume in what follows) of the stacks No. 31 and No. 9 of the Sardinia 
flights 1953 [1]. 

2195 of these stars were investigated and classified in the classes given 
in Table I. 

The 195 stars not classified were too steeply dipping to allow even their 
rough classification in the 6 main classes. All stars in which there was a 
visible recoil or slow electron were eliminated from the statistics. 


Classes A and B were not considered in further detail, apart from the 
K-particle which was passed to the K-particles group for measurement 
(K-GeMi,, in [2]). 


Class C. — This includes all events defined as 2-branch stars in which a 
fast incident particle gives rise to a secondary slower than itself. The direction 
of motion of the fast particle was determined either by the fact that it could 
be traced back to its star of origin, or by the increase in ionization and scat- 
tering along its path. The measurements and calibration, on which the as- 
sumption is based that two of these particles are K-mesons, are given in 
detail in Table II and in Fig. 1. 

The pp-ionization relation in Fig. 1 was built up from long x-meson tracks 
ending in the stack and from the experimental points obtained from the two 
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UCABEEROE 
| Number of | ia of 
Cion Tv {event MS the number of | 
sroup PPS Or ever | Stars IM | stars classified 
| this class | in the class 
i | A Evaporation stars with two singly | 
| charged stable NS ee | 1075 54% 
|_ (90% of B Scattering of: | 
the total) | i) protons, deuterons, tritons 907 AS 
B Scattering of: 
| ii) K-mesons 1 A 
ili) 7-mesons 18 TRIO 
iv) u-mesons | 22 16300, 
C Interaction RO a ‘ingle charged | 
secondary caused by: 
i) protons 35 EO) 
w =-mesons 13 CHO SG 
2 iii) K-mesons Dar 2 Tot 
I (6.29 of iv) unidentified a > Bhi 17 12°69 
| the total) | D Stars from which diverge a 7-meson 
| and a proton 23 et 2s 
‘(+ 2 outside 
| volume) 
E Stars from which diverge two z-mesons | 0 Ones 
‘(+ 2 outside 
i volume) 
F Decay in flight of a singly charged 
heavy unstable particle a 4 By OE 
(+ 1 outside 
volume) 
3 Other events 78 
(3.8% of 
the total) 
TABLE II. 
x Job o | B Mas Products 
th observe Pa g p 55 
Event eng Origin | ai of the 
(mm) (blobs/100 um) | (MeV/e) (me) interaction 
| = a =| 
1 10 10+ 5p| 38.2 + .55 225+ | 10357359 | Slow proton 
section a (14 mm) 40.4 + .5 17024, 9562109 
2 |35 4 sectionb (14mm), (*) 38.0 +5 216" 3 966 199 Slow proton 
8 
section e (11 mm) 7 Duel: 6 Sis ial O56 


(*) After 36 mm the track was lost between the surface of one plate and the glass of the next. 


492 M. DI CORATO, C. DILWORTH, D. HIRSCHBERG, L. HIRSCHBERG, L. SCARSI ETC. 


branch stars. It will be noted that, whereas the x-meson points are distri- 
buted regularly around the curve, those of the protons are not; they tend 
in fact to fall on the low mass side. This can be explained by the fact that 
in constructing the curves we have averaged the values of ionization and 
scattering over several plates; this method gives reliable results if the number 

of plates traversed is high, 
ne lbs which was not the case 
for the protons. In fact 
the proton tracks, when as- 
sociated with a second pro- 
ton, were measured only 
for a length sufficient to 
assure their identification; 
when from preliminary tests, 
there was doubt that one 
of the tracks could be an L 


Si PR (MeV/c) or K-meson, the measure- 
10 20 30 40 50 60 100 200 300 500 1000 2000 
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24 


ments were carried out over 
Fig. 1. — Calibration curves (Milan). the whole length in the 
stack. 
A simple calculation showed that neither of these events represents a col- 
lision with a free proton with a charge exchange of the K-particle. 


Class D or stars from which diverge an L-meson and a proton. In 6 cases 
the L-meson came to rest in the stack and showed itself to be a =-meson, 
giving a o-star. The particles 
which left the stack were iden- 
tified by scattering and ioniza- 
tion (Fig. 1). 

The distribution of Q values, 
calculated on the assumption 
that these events arise from a 
decay 


Q (MeV) 
X*>n+p4+aq, (OO NN CCl rara TATA dì 


Fig. 2. — Distribution of Q-values of zp events. 
shows a continuous range of 
values from @ = 10 MeV to Q = 300 MeV, with a strong grouping around 
the Q value of the A°decay (— 37 MeV) as shown in Fig. 2. The weighted 


mean @ value for the 7 events lying within one standard of the line of 
maximum intensity is 


Q=(37.4+1.3) MeV, 


7 
‘ 
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and that for the 10 events lying within two standard deviations is 


Q= (37.6 + 3.5) MeV. 


Subtracting the two events found outside of the S-volume (see Fig. 2) and 
‘taking account of the mean background intensity resulting in one event 
‘per interval of 10 MeV, we can deduce that there were 7 NOS tie bine 
S-volume. 


Class E or stars from which diverge two L-mesons. These should include 
§°-decays. None were found in the S-volume. The only two found in normal 
scanning gave Q-values on a two-body decay scheme compatible with that 
of the 0°-decay [3]. Details of measurement are given in Table III. 


TaBLe III. 
AIR Q (MeV) | Ae ne 
Event Identification of tracks X05 nt4+n-+9 )bservations 
| er = | eee eee See e] 
| | 
Track 1: =~ (sigma star) | Angle between the tracks 


31030'+ 0° 20' 


Bag Track Die | 915° 
g* = 0.98 + .04 
pp = (11307355) MeV/c 


| 
| 
| 
| 
| 
| 


il 


Track 1: = (sigma star) 
BE = (8.76 + 0.20} MeV | | Angle between the tracks 
Track 2: | | 23957' + 0°10’ 
GeMi, g* ~1 2203 | 


pB = (960% i) MeV/c | 


The rarity of this type of event may be explained partly by scanning bias. 
A large fraction of 6s will give two low grain density tracks which are easily 


missed. 
Class F or stars in which one incident particle gives rise to a secondary 


faster than itself. This includes Y-decays and possible K- or Y-captures. Of 
the 5 events found (4 in the S-volume) one was not fit for measurement; three 


gave Q-values for the scheme 


Yt>nt4n+49 


compatible with that of the X+ decay. The fifty, Bx,, gave @ Q-value in- 
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= 


PRIMARY PARTICLE 


oe Length 
| (mm) 
Y-GeMi; (*) 0.61 
Y-GeMi, (*) 4.15 
V-GeMi, (**). 20.8 
Y-GeMi, 
oa | 0.8 


No. Ur. Parent 
plates B-decay VO 048 star 
Il 0.22 + .02 0.09 2+ 0K- 
2 0.57 + .006 | 0.86 7+1n 
13 0.535 + .005 | 1.10 19 +- Op 
dipping | 
2 (282 02045 12+ 0n 


(*) Already published in [4]. 
(**) Found out of the S-volume. 


5 
m Remarks 


: 
m™ associated (I 


K-GeMi,; asso 


compatible with that of the 2*, but could be interpreted either as a YT-capture 


or as: 


or 


or 


sH* +n+n4p, 


ce DAD, 


Y*>n+K. 


Details are given in Table IV. 
Of the 4 events fround in the S-volume, only one had not been picked up 
and identified in the normal scanning. 
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SECONDARY PARTICLE 
e" : i | Assumed G 
No. | 9 pp + eni are er decay ney) 
‘plates (MeV/c) g @ emission entity : | 
7 |320+10|174 +22] 1.07 +.02 |0.837 + .008 - VE, | 96 + 6 
| 5 | 380 + 1° |167 + 19] 1.10 +.02 (0.820 + .008 - r=) (98 6 
A 730 + 10 |140 +18] 1.18 +.03 [0.785 £ .005 T | | 1g 2. 3 
| | dipping 
| 3 |50041°|230+50|2.5 +1 p or K 
| | | 
If p | | 
I [pB = (285+ | Y~ inter- | energy 
| | + 26) MeV/c | action visible: 
| from | 154 MeV 
| calibration | | proton 
curve] | | — 
| (Bprimary 
| = 0=02 
| HS. n+ | 
+n + p/235) 157 
| | 
H*>n + PISOT | 206 
| Lt n°+ p| > 400 
2 | If K | 
(pp =(1704 | Y>K 4 n 143) 107 
| + 14) MeV/c 
from calibrat- 
ion curve] 
Conclusions. 


1) The Q-value of the A°, Q= (37.4 +1.3) MeV, is in good agreement 
with former values [5] in emulsions. 


2) The normal scanning has a quite high efficiency in detection of hyperon 


decays in flight (3 out of 4 in our case). 
3) Two possible K-interactions in flight were found. 


4) One two-branch star was found to be the scattering of a K-meson. 


5) The numbers of unstable or interacting particles found in the 37 cm? 


of the S-volume are given in Table V. 
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TABLE V. 
} | Interaction in flight, | 
Particles Dei SL Capture | with production of 

EME ERI coe one visible track only 
u 1360 0 468 | 0 
TT 840 0 800 | 13 
K 6 0 1 | DIE) 
T 1 | 0 == == 
ye 1 3 (SD = eae | 
AO 0 7 — 


Total number of (K + 7) 


| 
| 


8 


+ (2) 


(Y +A°) =11 + (1) 


The mean energy of the K-mesons and charged or neutral hyperons were 
all of the same order, about 40 MeV, so, if their energy spectra at production 
are not very different, we may consider the above intensities as representative 
of the relative frequencies at production. 
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Some K-Decay Results Observed in the Sardinian Stack S. 30. 


R. H. W. Jounston and C. O’ CEALLAIGH 


Dublin Institute for Advanced Studies - Dublin 


Experimental data on seven K-particles found in the Sardinian flights 
1953 stack S.30 are shown in the Table I. Details of event K, have already 
been published (JOHNSTON and O’CEALLAIG, 1955 [1]) and no further com- 
ment is necessary. Of the others, events K, and K, are perhaps worthy 


of special mention. 


The event K.. 
This event presents the following interesting features. 


1) It comes from a 1+0n type star; that is to say, it begins in the 
emulsion without appearing to be associated with any other charged particle. 


2) It decays to a secondary of observed length 2.1 em which can be 
identified by scattering and blob-density estimates as a 7-meson of kinetic 
energy (80 + 5) MeV travelling away from the point of assumed decay. 

The total range of the primary particle however is only 500 um, 80 that 
its direction of motion requires careful study. The following considerations 
indicate that it probably travelled towards the point of assumed decay. 


a) Two 3-grain d-rays are seen near the assumed beginning of the track, 
His observation incidentally is more in agreement with identification of the 
track as that of a K-particle rather than of a hyperon [2]. 


b) The mean gap lengths at the assumed beginning ‘and end of the track 
are 12.5 +3 and 7.7 + 2.5 arbitrary units respectively. 


The above considerations lend support to the identification of the event 


as being a decay process and not a two prong star. 
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PR Mea Re 


— 
a 
| a Origin Range | vu Ti Mass g Mass J 
| a (star type) (mm) (in 10-* s) | ì (m,) | (m,) 
| | | È 
| : a | pa | 
| KG | § + 2p | 16.2 0.16 | 0.16 1100 + 150 | 1140 4% 
| | | = 
| Ke | 264 9n 13.4 0.14 0.14 970+ 80 | 1000+] 
| | il = 
| K, 10 442067) 9.0 0.107 0.107 970+ 70 1040 +1 
| K, 1+0n 0.5 | 0.014 | 0.014 || a | 1180 4am 
| | | 
= | | | 
IND ER So 7.9 | 0.097 | 0.097 | 1000+100 1330 41 
| | 
| | | 
| | 
Ki l7.4-2n 20 (obs.) | 0.10 +. 0.62.74 800 + 150 
~ 120 (cale.) | | | 
| | : 
| | 
K; 30 + 6n 2.3 O21 | 021 | 1030 £120 | 1190 +: 
i | | 
A mass estimate obtained by the constant sagitta method was 


(1180 +450) m,. 


A x-meson secondary of energy 80 MeV is inconsistent with the known 


q-decay scheme (E 
(E,-= 109.MeV). 


< 40 MeV) 


kin 


kin 


and also with the y-meson decay scheme 


Considering the secondary alone, would lead one perhaps to identify the 


event with a X;+-decay (#,,, = 96 MeV). However, this interpretation appears 
to be improbable in view of the measurements on the primary. 
It is possible to assume that the secondary z-meson is the only visible 


product of the nuclear interaction of a negatively charged K-particle. How- 
ever, it is difficult to understand how such a negative K-particle could be 
produced at low energy in a 14-0n type star. An interaction of the type 


n+n+>p+A°+K° 


(the proton presumably remaining bound) would violate the « strangeness » 
conservation rule. 

A more plausible explanation is that of a 0°meson suffering charge ex- 
change scattering and becoming a y*, which then decays in an anomalous 
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SECONDARY 


b* | ci i; Identity 
iy 0.92 + .028 168 + 10 TROLL 
6 95 + .03 117 + 15 u 

9 983 + .025 864 9 i e 
21 1.20 + .02 132+ 8 T 
[Exin = (80 + 5) MeV] 
3.4 0.96 + .033 | 109 + 17 ; u or e 
lost) 
decay not observed i 
4 1.01 + .03 96 + 16 Lo p or e 


imode e.g. yy mt + T° + y (radiative decay) or ty = a" WAY (by a 
3-body process). 


The event K,. 


This appears to be a case of double K production. Particle Kg is 
traced back to a star of type 17+2n. Scattering and blob-density measu- 
rements on one of the fast tracks yield. 


pBe = (286 + 20) MeV, pe = 14 L01 


This gives a mass of (800—- 150) m,. A search for associated hyperons showed 
that six of the sixteen black or grey tracks (other than K,) come to rest in 
the stack without any decay process being observed. Whether or not K-part- 
) icles are in fact produced in pairs, can only be resolved statistically in cosmic-ray 
i work. The possibility of two YK processes occurring in the one nucleus 
‘ cannot be excluded. 

Following a suggestion of FRIEDLANDER et al. [3], it is also plausible 
| to explain this event in terms of the following interactions: 


90 +n >p+yx° (the proton remaining bound). 
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The y- then comes to rest, giving 
y +n > 24 n 


where E_ = 90 MeV. 
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INTERVENTI E DISCUSSIONI 


— M. W. FRIEDLANDER: 


x -mesons have been traced back to origins in 1+0n type stars. There are some 
nuclei from which it is possible to eject a negative particle leaving a stable residue. 
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Further Evidence for the Existence of a Heavy 
K-Meson or Heavy Hyperon. 


W. F. Fry, J. SCHNEPS and M. S. SWAMI 


Department of Physics, University of Wisconsin - Madison, Wisconsin 


[Il testo completo di questo lavoro è stato già pubblicato, come lettera 
alla Redazione, nel Nuovo Cimento, 2, 301 (1955). Qui ne pubblichiamo 
un breve riassunto. N. d. R.]. 


Summary. — Among the branches of a star of type 17+ 3n, found in a stack 
of stripped emulsions flown at high altitude, was a slow particle which, after a path 
of 44 um, stopped in the emulsion and gave rise to a K-meson of 42 MeV kinetic energy. 
The primary track seemed to be due to a singly charged particle of roughly protonic 
mass. The absence of visible secondaries at the end of the range of the K-meson, 
indicated that the latter was captured by a nucleus of the emulsion i.e. it was nega- 
tively charged. The event is therefore interpreted as due to the nuclear capture of 
a «heavy K-meson » or a « heavy hyperon ». A photograph of the event is shown. 
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Les mésons lourds chargés observés par les chambres de Wilson. 


Événements S et V. 


L. LEPRINCE- RINGUET 


Ecole Polytechnique - Paris 


Je vais parler des mésons lourds chargés observés par les chambres de 
Wilson. Vous savez qu’il y a deux classes de phénomènes, les S et les V, qui 
se détectent dans des conditions fort différentes: pour les S, il est parfois assez 
facile de savoir que l’on a affaire à un méson lourd; mais pour les V charges 
il n’en va pas de méme: ces événements contiennent un mélange de phéno- 
mènes variés et il est parfois impossible de séparer les mésons lourds de parti- 
cules telles que les hypérons. Il me sera done nécessaire de donner un reflet 
de ces difficultés et d’étendre un peu le champ de mon exposé vers les hypérons 
charges. 

Il y a naturellement bien des modèles de chambres de Wilson utilisés, les 
uns sont meilleurs pour les S, les autres pour les V, et là encore il y a bien 
des distintions à faire. Je vais d’abord parler des S. 


1.  Événements S. 


Les S ont été identifiés dans la grande chambre à plaques multiples de 
M.I.T. (50 x50 x18 cm’) avec 11 plaques de plomb de 0.6 mm, puis 11 plaques 
de laiton d’environ 1 em. Ce modèle de chambre est encore très utilisé pour 
leurs recherches: il présente des avantages considérables que nous allons 
examiner. 

Un S est défini par le schéma ci-contre (Fig. 1): arrét en S d’une particule 
lourde A et observation d’un secondaire B traversant au moins deux plaques 
de plomb de 0.6 cm. On identifie assez surement le secondaire è un méson 
léger, car il traverse les diverses plaques sans multiplication et son scattering 
est caractéristique. L’un des avantages précieux de cette chambre est que 
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’on peut donner un parcours des secondaires. Nous devons en effet comparer 
e dispositif aux émulsions photographiques: entre 1951 et 1954 a 
yeaucoup de difficultés pour définir les parcours des secondaires de mésons 
ourds dans les émulsions. En particulier | 


:eux de long parcours n’ont jamais été Ua 


suivis jusqu’au bout, et Von ne pouvait 

avoir une idée de leur nature et de leur 

snergie qu’en mesurant le scattering et l’io- 

pisation au début de la trace: on sait quelles > 
incertitudes ont accompagné ces mesures 

qui, pourtant, ont permis la découverte du / 
méson 7. 

Une autre avantage considérable de la D. 
chambre è plaques multiples est la possi- 
bilité d’observer les neutres émis. Un ra- 
yon y de grande énergie se matérialisera - 
près une distance de Vordre de la lon- Fio, 1. 
ueur de radiation, soit quelques millimè- 
res de plomb, et Pon aura une probabilité notable de voir une petite gerbe 
électrons dans un intervalle ou deux. Il sera méme possible de déduire un 
rdre de grandeur de l’énergie du y par le nombre des électrons observés dans 
cents de Hazen donnent de précieuses indications à 


a gerbe: les calculs ré 
Pe sujet. 

Si un neutron rapide est é 
ol; si un 7° est émis, les deux y qu'il donnera viendront traverser les 
évisibles suivant le schéma envisagé et l’on pourra 
considérable avec les émulsions: 


mis, il produira une interaction nucléaire sur sa 


igne de v 
laques dans des zones pr 
hercher leurs effets. Il y a là une différence 
our la recherche des neutres, la chambre & plaques multiples est imbattable. 


Difficultés pour définir le parcours. — Naturellement, des difficultés apparais- 
ent dès que l’on veut définir un parcours du secondaire d’une fagon précise. 
es plaques ne sont pas infiniment minces et la définition dun parcours n’est 
as très précise méme si le secondaire reste très sage dans toutes les traversées 
‘écrans. En fait, on ne sait pas quel est son parcours résiduel dans la plaque 
bu il s’arréte et cela constitue une géne pour reconnaitre une ligne (x du y 

up du K,, par exemple). D’antre part bien des accidents sont possibles à 
la traversée des plaques; limitent la 
récision et leur fluctuation doit s'introduire dans la définition du parcours; 
‘autres, à savoir les interactions nucléaires, sont catastrophiques et peuvent 
s’apercevoir toujours d’une interaction 


nduire en erreur. On peut en effet ne pas 8” 
ucléaire: les particules lourdes ou lentes de l’étoile ainsi produite peuvent 


étre completement absorbées dans les plaques et rien n° 


certains, comme le scattering multiple, 


apparaîtra: la parti- 
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cule observée aura pu perdre une notable quantité d’énergie, ce qui trompera 
sur le parcours. De méme, une interaction dans la dernière plaque peut donner 
Vaspect d’un arrét au repos si rien ne sort de la plaque: les biais d’observation 
correspondants doivent étre examinés avec le plus grand soin. 

Ainsi, la définition d’un parcours de secondaire et sa mesure sont difficiles. 
Tl est indispensable de les préciser au cours de cette Conférence avec le plus grand 
soin & cause des incidences sur les masses des mésons lourds: une différence 
de 1 gramme dans le percours de p du K, entraîne une difference de six masses 
électroniques dans la masse du méson lourd primaire. 

Aussi PeYROU donnera-t-il des indications précises sur les mesures de par- 
cours des secondaires et les résultats récents obtenus par le Pic-du-Midi, et 
GREGORY présentera les parcours obtenus par M.I.T., où il s'est rendu très 
récemment et comparera les valeurs aux nétres; il ira plus loin: une fois le 
parcours défini avec sa dispersion a laquelle il faut ajouter celle dùe au straggling, 
on doit passer au moment p du secondaire, c’est-à-dire utiliser une courbe 
moment-parcours. GREGORY discutera cette relation a la lumiere des récents 
travaux faits par CALDWELL, à M.I.T. J’espére que le Professeur REYNOLDS 
parlera également de ce probleme étudié a Princeton. 

Je puis dire dès maintenant qu’il y a un remarquable accord entre les 
résultats obtenus sur les parcours des secondaires par les deux laboratoires 
de M.I.T. et de l’École Polytechnique-Pic du Midi, ’accord est également très 
bon avec les résultats qui seront présentés par H. COURANT sur les secondaires 
des S observés par notre groupe de l’École Polytechnique è lAiguille du Midi 
de Chamonix. 

Voici (Tableau I) les caractéristiques des principales chambres utilisées pour 
les S et les V chargés. 


Les primaires. — Tout ceci se rapporte aux secondaires chargés. Les secon- 
daires neutres peuvent d’ailleurs étre étudiés comme nous l’avons indiqué 
précédemment, leur détection peut se faire avee des variantes nombreuses 
(nombre, nature, épaisseur des plaques). 

Pour les primaires chargés la chambre à plaques multiples est capable de 
donner des informations intéressantes. Naturellement, elle ne fournit pas le 
signe, mais l’ordre de grandeur de la masse peut étre estimé par scattering è 
la traversée d’un nombre de plaques malheureusement petit. L’aspect d’une 
particule lourde s’arrétant au repos est caractéristique: l’ionisation eroît pro- 
gressivement dans les derniers intervalles. Mais un méson lourd ne peut pas 
étre en général différencié d’un proton ou hyperon. D’autre part, on n'est pas 
tout a fait str que la particule primaire du S est bien toujours a Varrét lors- 


qu'elle se désintégre: de petites erreurs peuvent se produire, dont on doit 
mesurer les conséquences. 


— 


LES MÉSONS LOURDS CHARGES OBSERVES PAR LES CHAMBRES DE WILSON ETC. 505 
TapLeau I. — Chambres de Wilson utilisés pour S et V chargés. 
. Dimensions Champ 
Laboratoire i Ecrans magnet. Observations 
i, | en gauss 
Manchester et Pic du | 28cm diam. | 2em Pb 7 500 
Midi 7 em profond. 
Manchester et Pic du | 35x 28x35 6x1 cm Pb Avec un scintil- 
Midi | lateur liquide et 
| photomultiplicat. 
Jungfraujoch | B4x54x8 | 2.5cmPb | 6000 
| | 
| > 
Pasadena et Mt. Wilson | 120 cm diam. | 8 000 
Pasadena et Mt. Wilson) 2 chambres 5 000 2.5cm Pb entre 
| superposées 5 000 la chambre 
33 xX 19x 12 
Bloomington ancienne | 28 cm diam. non 3000 
7.5 cm prof. 
Bloomington nouvelle bp x30 % 12 non 7000 
| 
M.I.T. et Echo Lake 50x 50x18 |11x.06cm Pb non 
ou 
(11x1.2 em laiton 
Berkeleyet Lake Sabrina | 51x61 x 23 7X1.2 cm Pb non 
Berkeley nouvelle non publiée Permet le comp- 
tage des goutte- 
lettes 
Princeton-Echo Lake 2 chambres | 1 ch. magnét. 5500 
superposées | 1 ch. a plaques 
35x40x15 | de W (11 plaq.) 
École Polytechnique - 2ch.superposées 
Pic du Midi 63 x 68 x 30 non 2 500 
63 x 68 x 40 15x 1em Cu non 
Ecole Polytechnique - | 63x68x40 | 15x1lcm Pb non 
Aiguille du Midi (Cha- 
monix) 
Brookhaven 90 cm diam. 4 g/cm? C 
14 g/cm? Pb 10000 
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2. — Premiers résultats sur les S. 


(est grace A la chambre A plaques multiples que M.I.T. a découvert les S 
en 1951 et a progressivement élucidé certaines propriétés remarquables, en 
particulier Pexistence d’un parcours secondaire autour de 60 g/cm? de plomb 
(ou 45 g/em? de cuivre) avec des rayons y associés a ces secondaires: sur les 
cing arréts à 60 g de plomb, des y associés sont observés quatre fois. Hs sont 
également associés à des traces de moins de 60 g qui quittent la chambre avant 
détre arrétées. L’ensemble donne une assurance très solide d’une désintégra- 
tion en deux corps avec un méson léger chargé (probablement un x) et un 
méson neutre 7°. M.I.T. a pu compléter Vhypothese du y de Bristol, le par- 
cours du secondaire correspondant bien au pfc mesuré pour le 7 chargé, le 
neutre étant, dans Vhypothese 7°, en excellent accord avec les observations 
(H. COURANT, These). M.I.T. a également donné d’importants renseignements, 
en particulier des 1953, sur l’existence de secondaires de mésons légers ayant 
des parcours longs dépassant celui défini pour le 7 du y. Enfin, des associa- 
tions de S et de A° ont été observées, faisant suite au premier cliché du groupe 
de Manchester dans lequel l’arrét d’un méson lourd négatif est associé a l’ob- 
servation d’un A°. 


3. — Les chambres de Wilson couplées. 


Naturellement, les appareils deviennent plus compliqués avec le temps et 
le stade qui a suivi la chambre a plaques multiples fut celui de la combinaison 
de deux chambres, Pune magnétique, autre a plaques. Un tel groupement 
de chambres a déjà été utilisé par BRODE et FRETTER pour la mesure de masse 
des mésons u avant la guerre; des dispositifs similaires ont été utilisés ces 
dernières années, en particulier par l’École Polytechnique (Pic du Midi) et 
Princeton; un troisiéme groupe est en cours d’installation è Imperial College 
de Londres (Pic du Midi). 

Ces dispositifs ne donnent guère de renseignements supplémentaires sur les 
secondaires de S, sauf dans des cas miraculeux comme celui de Princeton où 
le secondaire remonte dans la chambre magnétique et permet d’obtenir une 
détermination du moment restant après traversée d'une plaque seulement, 
mais ils fournissent d’intéressantes-informations sur les primaires et par suite 
sur les schémas de désintégration possibles. Ce que l’on observe est indiqué 
sur la Fig. 2: la masse du primaire pourra dans les cas favorables étre connue 
par la mesure du moment p et du parcours R, précisé gràce au point de départ 
du secondaire. L’on pourra done faire une étude de la cinématique de la réaction 
puisqu’on connait la masse du primaire qui donne l’énergie disponible. Nous 


OT Top —n 


| 
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avons pu montrer par exemple que les 
particules de longs parcours étaient stre- 
ment des u et non des x,la masse du pri- 
maire étant trop faible pour autoriser un 
~ d’environ 100 g par em? dans le plomb 
(ou 75 g par cm? dans le_cuivre). Nous a- A 
vons pu également, il y a 18 mois, sug- 
gérer comme très probable l’existence d'un 


méson lourd K, donnant pw + neutrino 
comme schéma de désintégration: la masse 
du primaire, mesurée directement, est en 
accord avec celle que lon déduit de Vob- 
servation du secondaire s’arrétant a 75 g 
de cuivre, en supposant le schéma K, > 
=a Ub == ar | 

Les deux exposés de PEYROU et GRE- 
GORY vont préciser et discuter ces masses 
qui sont inférieures a celle du 7 d'une 
trentaine d’unités, de facon significative, 
mais pas absolument incompatible avec la 
masse du 7. Je pense que le Professeur 
REYNOLDS nous donnera également des 
informations de Princeton a se sujet. 

Je voudrais signaler trois points im- 


portants: avec la double chambre on con- 

naît le signe du primaire et cela va nous conduire à dire un mot du signe des 
mésons lourds: la «situation se présente de facon curieuse et intéressante è 
ce sujet. Nous verrons aussi que lon peut rapprocher certaines populations 
de V chargés des S observés et faire des comparaisons intéressantes: ce sera 
une partie de exposé d’ARMENTEROS. 

D’autre part, on peut définir le méson lourd sans exiger un critère pour la 
longueur du secondaire. Il n'y a plus de crainte de confondre un méson lourd 
avec un x si nous mesurons sa masse directement. On pourra done faire une 
étude complète des particules s’arrétant dans les plaques et trouver leur signe 
et leur nature en recherchant la trace correspondante dans la chambre magné- 
tique. On peut donc chercher la contre-partie négative des mésons lourds, méme 
en supposant que ces derniers ne donnent en général qu'une petite étoile d’ab- 
sorption nucléaire, ne laissant dans la chambre aucune trace secondaire visible. 

Enfin, derniére indication, le temps de vie des primaires des S est de l’ordre 
de 10-° s dans la chambre a plaques multiples (pour les S produits localement) 
et de 5-10-? s pour les S ayant traversé les deux chambres de notre instal- 


lation du Pic du Midi. 
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4. — Evénements V chargés. 


Les V chargés sont restés pendant longtemps les parents pauvres des 
V neutres. En fait, à Bagnéres très peu de choses étaient connues a leur sujet: 
on savait que 15% de tous les V sont chargés, que le rapport du positif au 
négatif pris globalement donnait environ 1; certains travaux avaient été ef- 
fectués sur la vie moyenne et un très petit nombre de bonnes mesures avait 
été possible. L’appareillage sous sa première forme est, en fait, peu adapté 
aux V chargés: les chambres du début (Manchester) ont été progressivement 
agrandies et toutes ont maintenant plus de 50cm de haut (voir Tableau I). 

11 semble qu’un V chargé donne en général moins d'informations qu’un 
V neutre: la ligne de vol est toutefois mieux connue, quoique parfois 
elle puisse étre bien définie pour le V°. Mais le primaire est souvent court, 
rapide, et ne permet pas toujours la connaissance de son signe. Nous savons 
d’ailleurs qu’il existe un mélange de particules avec des vies moyennes parfois 
de l’ordre de 10-!° s et les temps de vol des primaires correspondants sont néces- 
sairement faibles: un hypéron dans notre installation doit vivre 107° s pour 
permettre une identification par moment et ionisation estimée. La formule 
i l/e(pe/ mye?) donne le temps de vol en fonction de la longueur et du mo- 
ment réduit de la particule. 

Le secondaire permet en général de connaitre le signe et le moment p, 
d’ou le moment tranverse p,. Mais lon n’a en général guère d’indications sur 
le ou les neutres dont exploration est difficile; pas d’indications par exemple 
sur Ja coplanarité. 

Au contraire, avec les V neutres ces inconvénients n’existent pas; de plus, 
on peut mesurer en général les deux secondaires car tous deux partent d’un 
point souvent placé vers le haut de la chambre et se dirigent vers le bas, selon 
des directions peu différentes. 


Avantages des chambres magnétiques. — La chambre magnétique présente 
néanmoins des avantages considérables: elle n’introduit que des relations électro- 
magnétiques bien connues; on mesure le moment et les angles, et la courbe 
moment-parcours n’intervient pas, sauf pour l’identification des secondaires 
sils traversent une chambre a plaques placée au-dessous. 

En particulier, les événements en vol peuvent fournir des informations 
extrémement précieuses: ainsi le 7 negatif mest prouvé réellement que par la 
chambre magnétique: il est alors observé se désintégrant en vol en 3 mésons 
à traces coplanaires. Les émulsions permettent d’étudier merveilleusement bien 
les absorptions nucléaires des mésons lourds négatifs, mais sans indiquer s’ils 
sont dis a des + ou a d’autres mésons lourds de masse voisine. 


Comptage des gouttelettes. - Une amélioration très importante a été apportée 
ces derniers mois par la mise au point d’une technique difficile, mais précieuse, 


— 
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le peppocs de gouttelettes dans une chambre a gaz léger (hélium, par exemple). 
Déjà d’importants résultats sont obtenus par Berkeley, Pasadena et Imperial 
College. On se rapproche ainsi de l'un des avantages des émulsions: en effet, 
si lon ne dispose pas de cette nouvelle technique, l’estimation d ionisation 
est très grossière et peut conduire a des erreurs considérables; on peut en fait 
distinguer seulement entre le minimum et de l’ordre de 2.5 fois le minimum. 
Au contraire, avec la chambre de FRETTER, par exemple, on peut faire une 
mesure à mieux de 10% près (erreur standard) sur des traces ayant au moins 
1.5 fois le minimum d’ionisation. En combinant cette mesure avec celle du p 
de la chambre magnétique, on obtient la masse des particules traversant la 
chambre, qu’elles se désintégrent ou non. On peut ainsi étendre considérablement 
la connaissance des primaires et des secondaires des V chargòs. 


Renseignements complémentaires avec deux chambres. — L’utilisation de deux 
chambres superposées permet d’obtenir des informations supplémentaires, soit 
sur les secondaires chargés, soit sur les neutres. Dans le premier cas, lorsque le 
secondaire chargé traverse la chambre a plaques, l’on connait son moment et 
les accidents survenus au cours de la traversée des différentes plaques. Une 
particule verticale traverse en fait dans notre installation du Pic du Midi 1.2 fois 
la longueur géométrique de collision correspondant au cuivre. Si done il s'agit 
d'un méson x, il a une probabilité notable de donner une interaction nucléaire 
et on peut espérer distinguer des groupes ou des proportions de x et de p 
parmi les secondaires. Par ailleurs, dans certains cas le secondaire s'arréte au 
repos dans la chambre à plaques. L’on a alors la possibilité de mesurer sa masse 
par son moment dans la chambre magnétique et son parcours dans la chambre 
à plaques. Cette identification est précieuse et nous a permis, par exemple, 
comme ARMENTEROS vous le signalera tout à Pheure, d’observer un V chargé 
positif dont le secondaire est un yu, le moment de ce pu dans le système du 
primaire étant de 108 MeV/c. Il s’agit dans ce cas dun x positif. 

La présence de la chambre a plaques multiples sous la chambre magné- 
étudier les neutres émis lors de la désintégration 


tique permet également d’ 
rents schémas de 


du primaire du V chargé. On peut en effet imaginer diffé 
désintégration et voir quelles sont les lignes de vol des particules neutres cor- 
respondantes. Le Professeur RAU vous donnera les indications de méthode 
et les résultats préliminaires sur les neutres accompagnant les V négatifs que 
nous avons observés au Pic du Midi. 


On voit pourquoi le domaine de la € 
en plein développement. Je vais résumer maintenant les principales 


d’approche et l’essentiel des connaissances. 


onnaissance des V chargés est a présent 
méthodes 
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5. — Vie moyenne des V chargés. 


L’observation des points de désintégration des primaires des V charges 
permet d’aborder le problème de la vie moyenne. Les premières études furent 
faites par le groupe de Manchester en 1952 avec 27 V chargés, et il est apparu 
quw’en supposant la majorité des particules du type x la vie moyenne était 
supérieure 4 10-!° s. D’autres expériences ont été publiées soit par le groupe 
de Caltech, soit par celui de Manchester-Jungfraujoch, soit par celui de Bloom- 
ington. Les résultats semblent assez divergents et parfois contradictoires: 
je me contente de signaler ce fait; il est manifeste que de nombreux biais 
s'introduisent lorsque l’on veut évaluer la vie moyenne d’un groupe et lon 
peut probablement expliquer les divergences en étudiant soigneusement ces 
biais. 


6. — Le moment p* du secondaire chargé. 


L’un des problemes importants qui se sont posés dès le début fut, en 
l’absence de renseignements valables sur le primaire, l’obtention d’informa- 
tions sur les secondaires, en particulier le caractère de la désintégration. On 
dispose du moment p du secondaire, et de langle qu'il fait avec la direction 
du primaire; on connait done le moment tranverse p, et lon peut tracer sa 
distribution. On sait que le moment de ce secondaire dans le système de réfé- 

rence du primaire, appelé p*, est tou- 

w(P,) dp, 

désintégration en deux corps p, est en 
général peu différent de p*. La distri- 
bution des p, correspondant à une dé- 
sintégration en deux corps à la forme 
théorique indiquée ci-contre (Fig. 3), 
que doit émousser l’incertitude expéri- 
mentale. Une désintégration en troi- 
p* corps doit fournir une forme des p, tous 
differente. Ces arguments ont été uti- 
lisés par les principaux groupes, no- 
tamment dés le début par celui de Man- 
chester et celui de Pasadena; ils continuent è donner des informations intéres- 
santes mais souvent difficilement concluantes à cause des mélanges des pri- 


maires de diverses natures qu’on ne sait pas séparer, A cause aussi des incer- 
titudes et du petit nombre des mesures. 


Vie 33 


On cherche de plus en plus a connaitre le p* du secondaire chargé. Si lon 


jours supérieur a p, et que dans une 


us 


en 
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connaît le moment P du primaire, ainsi que sa masse, et Je moment p ainsi 
que la masse du secondaire, on peut calculer le p*. En fait, la vitesse du pri- 
maire qui est l’élément fondamental ne peut étre estimée que très grossière- 
ment par l’observation d’ionisation: c'est là en particnlier que le comptage de 
gouttelettes va apporter une aide extrémenent efficace. 

Dans certains cas on peut savoir que le primaire est un meson lourd, donc 
définir sa masse comme voisine de 1000 m,. Si l’on peut également mesurer son 
moment p, on pourra alors calculer le p* du secondaire avec une hypothèse 
sur sa nature. C'est ce qui fait l’intérét des V chargés dits lents, c’est-à-dire 
pour lesquels le moment du primaire est inférieur 4 800 MeV/c environ. Pour 
de tels primaires, l’hypéron peut étre exclu si sa trace paraît au minimum 
(l’ionisation pour un hypéron de 800 MeV/c est de l’ordre de 2). On calcule 
done le p* en fonction d’hypothèses sur la masse du primaire et du secon- 
daire: or très heureusement ces p* sont peut sensibles à une variation de masse 
du primaire; on peut done prendre M= 950, par exemple, méme si en fait 
Ja masse se trouve ailleurs entre 900 et 1000. 

De plus, Phypothése sur la nature du secondaire (x ou pu) joue peu en 
pratique. La valeur moyenne obtenue pour le p* est correcte s'il s'agit d’un 
groupe défini pour lequel on s'est trompé sur la nature du secondaire: en sup- 
posant un x alors que c'est un p la valeur moyenne trouvée pour le p* est 
exacte malgré cette erreur, mais la distribution sera un peu plus étalée; cela 
est dù au fait que pour les désintégrations à 90° les moments p, et p* sont 
les mémes et indépendants de la masse du secondaire. 

Ainsi Yon possède une bonne méthode d’approche des V chargés en étu- 
diant les p*. Pour les V* lents, les deux raies correspondant au p* du 7 et 
du p provenant de la désintégration des mésons y et K,, sont lune à 206 MeV/c, 
autre A 225 MeV/c, si l’on suppose la masse du K,, égale a 940 m, (elle serait 
à 236 MeV/c si on supposait cette masse égale à 965 m,). On trouve en fait une 
accumulation considérable de résultats obtenus par les différents laboratoires 
en bonne correspondance avec cette région. Le fait qu'il n’y a qu’environ 
20 MeV/c d’écart entre les deux p* ne permet pas en vénéral une séparation 
des deux raies, mais des mesures très précises pourront probablement dans 
Vavenir permettre cette séparation. 

Les résultats des mesures des p* sur les V lents (hypérons exclus) n’ont 
guère été publiés, sauf les premiers par Manchester, Pic du Midi, Jungfraujoch, 
Pasadena, Bloomington; la plupart ont été seulement indiqués à la Conférence 
de Rochester, 1955, et sont en cours de publication. Dans l'ensemble on peut 
dire que, pour les V lents positif, les p* éleves se groupent autour de 220 MeV/c. 
Les considérations sur les proportions et les masses des mésons lourds à partir 
des p* des V lents entreront dans le cadre de la discussion génerale. x 

Signalons que parmi les résultats déja publiés un seul V charge positif 
correspondant a un méson lourd donne un p* très élevé (Jungfraujoch). 
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Pour les V chargés négatifs les p* sont moins nombreux. Il semble qu'ils 
ne se groupent pas aussi bien que les positifs mais les mesures rubliées ne 
sont pas encore assez abondantes et restent peu concluantes. 

Signalons enfin l’événement de Princeton interprété comme la désinté- 
eration en vol d’un méson lourd positif donnant un x* et deux paires d’élec- 
trons: cette particule représente la contre-partie chargée du 0°. 


7. Assymétrie de signe des mésons lourdes chargés. 


Pour terminer cet exposé préliminaire je voudrais attirer l’attention sur 
le probléme des signes des mésons lourds observés. 


— Mésons 7. Toutes les observations de désintégration en trois corps 
dans les émulsions correspondent au tt. Des t+ ont été également observés 
se désintégrant en vol avec les chambres de Wilson. La contre-partie négative, 
cest-a-dire un 77 se désintégrant en 3 7, n’a été observée que rarement en vol 
dans les chambres de Wilson (deux cas à Pasadena et Manchester, en dehors 
de ceux présentés par HENDEL pour notre groupe du Pic du Midi). 


— Le K,. Il est positif. On n’a pas d'informations favorables a un K, 
négatif: s’il existe, il est en faible proportion par rapport au positif dans les 
évenements S des chambres de Wilson. 


— Méson y. L’événement de Princeton est positif. Les y suivis dans les 
émulsions jusqu’a leur extremité sont également positifs, il n°y a pas d’assu- 
rance de l’existence du y7; le groupement des V chargés négatifs est moins 
satisfaisant que celui des positifs, lequel s’accorde avec un mélange de K,, et 
de y. Nous avons néanmoins un cas, qui sera exposé par RAU, et qui apparait 
comme un y négatif possible. 


— Le méson x. D’après les émulsions, par la désintégration au repos, seuls 
des positifs ont été observés. Avec les chambres de Wilson nous avons un 
cas de V chargé positif dont le secondaire est un u de 108 MeV/e ce qui semble 
bien correspondre à un exemple de x. Il n’y a pas d’assurance de l’existence 
d’une contre-partie négative. Les observations sont d’ailleurs peu nombreuses 
et l’on ne connaît pas assez bien le spectre du x. 


— Le K-électron, probablement positif dans les émulsions, non encore re- 
connu avec certitude dans les chambres de Wilson. 


Par ailleurs, on sait qu’il existe un méson lourd négatif & temps de vol 
long observé parfois dans des chambres de Wilson (par exemple traversant 
toute la chambre sans se désintégrer); on sait que des mésons lourds négatifs 
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sont absorbés au repos par les noyaux; ils sont obtenus grace aux rayons 
cosmiques ou aux machines. On identifie parfois ces mésons lourds négatifs 
avec le 7, mais ce n’est pas démontre. 


Les grandes chambres de Wilson sont loin @avoir épuisé leurs possibilités. 
Je suis persuadé que leur utilisation avec les faisceaux des grandes machines 
sera extrémement fructueuse; mais je pense également que, bien étudiées pour 
les rayons cosmiques, elles n ‘ont pas encore dit leur dernier mot, loin de là, 
et peuvent nous réserver encore d’importantes découvertes. 
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Several workers have previously reported on their investigations of heavy 
mesons disintegrating at rest in photo-emulsions [1] cr in multiplate cloud 
chambers [2, 3] and giving rise to a fast meson of ordinary mass as a decay- 
product. For a further study of these events, called «S-events », 25.000 pic- 
tures were taken with the multiplate cloud chamber of the Laboratory of the 
Aiguille du Midi (altitude 3600 m). This chamber, identical with the one 
described by GREGORY et al. [2], was fitted with fifteen plates of one cm thick- 
ness composed of ninety per cent lead and ten per cent antimony. A con- 
ventional penetrating shower detector with a lead producer was used to trigger 
the expansions. 


Analysis of the data. 


An examination of our pictures has revealed thirty S-events, among which 
eleven have charged secondary decay-products which appear to come to rest 
in the illuminated region of the chamber. In all the other cases, the charged 
secondaries leave the illuminated region of the chamber before coming to rest, 
and in none of these is there any clear indication ues the secondary was 
ionizing strongly before leaving the chamber. 

Other cloud-chamber work on S-events [4, 5] has shown that two types of 
S-particles exist, one giving rise to a charged decay-product of about 100 ¢ em? 
Pb range, and the other producing a secondary of about 60 O Gmbh range. 

The long-range cases are known as K,-events and have been shown to decay 
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according to the scheme 


Ko = UL Mike 


The short-range events are identified as K_- or y-events and are experiment- 
ally consistent with the presumed decay scheme 


K_ >7* + 7° , 


In order to facilitate the presentation of our data, we have grouped our 
S-events into three groups. Group I consists of twelve S-events which are 
identified as K,-events by the fact that, in each case, the charged secondary 
is seen to traverse more than 60 g cm-? of lead before leaving the illuminated 
region of the chamber. Group II consists of six events which are identified 
as K_-events by the range of the charged secondary or by the presence of an 
energetic electron cascade associated with the decay. Group ITI includes those 
events which have not been individually identified as K, or K_ but which are 
nevertheless identifiable as S-events. Tables I and II show the pertinent data 
on the events of Groups I and II, respectively. 


Events identified as K,,. 


Taernigle 
: | | 
Brent }Direc-| E, || AR, Re Vee lane | Ra Eve 
No. tion (gem? Pb) (gem? Pb) (g em Pb), plate ((g em” Pb)| last gap | 
606 i Bore LI] go 160" (E CIR IRE 
10984 b 99 pe 11405 | | 105 ad 
11420 Bat ater 2994 Rei) 99.1 | 113 So) 
2258 f. | 108.4 | + 3.5 115.9 | 25° 129 SELE) 
a b 100.6 ee LI 128.8 ee 
8626 | | | | 95 1 
9392 | | | 85 
11176 | 95 
21697: | | 79 
16341 | 78 
18540 | 70 
10076 | | 68 


| The letters «f» and «b» in the second column indicate whether the se- 
icondary has been emitted in the forward or backward hemisphere with respect 
‘to the direction of the primary particle. 

R, is the range of the charged decay-product at the point where it enters 
the plate in which it is brought to rest. 


AR, is the estimated error in range measurements. It consists of a quadratic 
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combination of the uncertainties due to geometric reconstruction of the tra- 
jectory, as well as an error of 2.7% attributed to straggling. 

R, is the range assuming that the particle has stopped at the bottom 
of the last plate, with a correction factor due to multiple scattering [5]. 
The value of ionization was used to limit R, only in the case of Event No. 10984 
(R, in bold type). 

0 is the angle of incidence of the trajectory of the secondary upon the plate 
in which it stops (this is only given in those cases where it is relatively large). 

R; is the « potential range », i.e., the amount of matter the secondary would 
have transversed before leaving the illuminated volume of the chamber (in 
the cases where the secondary is brought to rest, this value is based on an 
extension of the last observed track segment). 

I/I, gives an estimate of the observed ionization in the last visible track 
segment. 


Comments. 


Event No. 606. This event is tabulated in Group I with events identified 
as K, by the range of their secondaries. This has been done because the 
probability that the event be a K_ is much smaller than that it be a K,. 


Event No. 10984. In this event, the secondary suffers a scattering of about 
130° before entering the plate in which it is stopped. Before undergoing the 
large scattering, the secondary was ionizing at about twice minimum. After 
the scattering, the ionization was about four times minimum. We obtained 
the range limits, R, and R,, by considering the minimum and maximum path 
given by assuming multiple or single scattering. 


Event No. 11420. The secondary entered the last plate with at least twice 
minimum ionization. The actual point of stopping was determined with rela- 
tively small uncertainty by using the decay-electron track as an indication 
of the point of stopping. The decay-electron has traversed about 1.5 mm of 
lead before emerging from the plate. 

The detailed procedure for the determination of R, and R, has been given 
by ARMENTEROS et al. [5]. In each of the five K,,-events listed in Table I where 
the secondary range can be determined, the range can be well approximated 
by a normal distribution with appropriate parameters. These five probability 
distributions can be combined to determine a probability distribution for the 
expected range of K,-secondaries. This operation results in a value of 


E = (102.2 + 2.5) g em-? Pb, 


which is equivalent to 
R = (77.1 + 1.9) gem-? Cu. 


The quoted error corresponds to the standard deviation. 
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According to the decay scheme demonstrated by other workers [4,5], 
KS; = +; 


we can calculate the mass of the K,-particle. Using the range energy relations 
of ARON, HoFFMAN and WILLIAMS [6], we obtain a value for the K, mass of 


K, = (950 + 12) m,. 


Events identified as K_. 


Teen 
| Event | Diree-| R, Ae, MOSCA of ue ee 
A No: tion | (sem-2 Ph) (gem—2 Ph) (gem-2 Ph) (g em-2 Ph) Illo | % lelectrons| @MOEY 
| | (MeV) 
| 19446 j 49.03 | + 2.2 | 65 BA eee) se ||) 8 178 
| 7385 b 54.3 + 2.1 | 60 OF fc 3 | 
16383 f 59.6 LUE: 67) 4 3 | 13° || 8 390 
896 | » 22 39 391 a2 Nago 2 120 
10707 10 20 | <2 (SS: 210 
2477 b 51.6 +3 79.6 | 100 | <2 | | 


The first six column headings correspond to those of Table I. The printed 
in bold type values of &, were determined by the ionization estimates. (We have 
not utilized ionization estimates to limit values It, because the general quality 
of our photographs does not allow us to conclude with certainty that a light 
trace on the film corresponds to a track of minimum ionization. The limits 
on R, were set by ionization estimates in those cases where heavy ionization 
was clearly indicated.) 

x is the space angle between the trajectory of the y-ray creating the cascade 
and the line of flight opposite to that of the charged decay-product. 

The number of electrons observed in the cascade is tabulated as well as 
the estimated energy of the cascade. This estimate is based on the results of 


HAZEN [7]. 


Comments. 

Events No. 896 and No. 10707. These are interpreted as K_-events in which the 
charged secondary, presumably a 7-meson, interacts and thus appears to stop 
in the plate. The two events are identified as K_ by the observed electron 
cascades associated with the decay. 

We have selected those K_-events from Table II in which the charged 
secondary is brought to rest in the cloud chamber and which seem compatible 
with a range of about 60 g cm”. Under the assumption that these cases re- 
present K_-events in which the secondary x-meson reaches the end of its range 
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by ionization loss only, we can combine the range values to obtain an over-all 
value for the expected range of the charged secondary from the K_. This 
operation results in a value of 


R =(59.8 + 1.6)g cm- Pb, 
which is equivalent to 


R = (44.7 +1.2) g em™ Cu. 


We can calculate the mass of the K_ according to the decay scheme 


Using the range-energy relations of ARON, HOFFMAN and WILLIAMS [6], we 
obtain a value for the K_-mass of 


R_ = (963) a- 3) m, 


The above values are, of course, dependent on the correct interpretation 
of the individual events as ones in which the secondary was brought to rest 
by ionization loss. There remains the possibility that a nuclear interaction in 
the last plate has reduced the apparent range for some of our events. The 
probability for this effect to play an important role, however, is small. For 
each individual event, we can take the product of the probability for a se- 
condary to suffer a nuclear interaction in the last plate by the integrated pro- 
bability, according to our final range-result, that the secondary have a range 
larger than the maximum possible in order for it not to leave the last plate. 
The resulting values is a measure of the probability that the event in question 
has been incorrectly interpreted as a stopping by ionization. In our cases, 
this probability was smaller than 0.04. 

The above value is based on the prior selection of events with range of 
about 60 gem? Pb. A shortening of range as a result of a nuclear interaction 
at 30 gem, for example, would be identified as such and the event in ques- 
tion would not be used in the determination of range. 

The probability that the apparent secondary range be reduced an 
inelastic nuclear encounter in one of the plates has been similarly evaluated. 
Assuming the cross-section for such a nuclear event to be one-third of the 
geometric cross-section, we obtain an upper limit of 0.02 for our events. 

In addition to the above-mentioned uncertainties in the interpretation of 
our events, we should mention the one due to the possibility that the so-called 
K_-event may actually have been a decay in slow flight. Compared to the 
secondary of a true S-event, the charged decay-product may, in this case, 
easily have a range augmented or diminished by an amount equal to several 
of the quoted standard deviations. It seems inappropriate, however, to attempt 
to take these possible errors of interpretation into account by increasing the 
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quoted standard deviation of our final combined result. In the case of our 
small sample, the inclusion of a single misinterpreted event may play a large 
role in shifting the resulting range from the correct value. However, since 
the probability for such a large deviation is small, it is not possible to include 
its «average » effect in the quoted standard deviation. 

The work of HAZFN [7] on electron cascades in multiplate cloud chambers 
makes possible a rough check of the identity of neutral decay-product of the 
K_ as a 7°-meson. The individual shower-energy estimates are not very pre- 
cise, but if one combines the values of energy calculated for 7°-mesons from 
the observed electron cascades and their angles of emission, one finds the 
result to be compatible with that to be-expected from a x°-meson emitted in 
two-body decay with a 7-meson of 59.8 g em-? range. We have performed 
similar calculations assuming a particle of mass half that of a 7°-meson, and 
also a particle of twice the 7° mass; however, this check is not very sensitive 
in our study due to the small number of electron cascades available. Thus, 
our experimental results fall at +0.82 standard deviation from the results 
expected for a particle of half the 7° mass, +-0.39 standard deviation for a 7°, 
and — 0.74 for a particle of mass 27°. 


* * * 
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The double cloud-chamber arrangement operated at the Pic du Midi has 
been already described [1], and no essential change of the apparatus has been 
made since this time. The S-events recorded in the multiplate chamber fall 
in two different classes. If the primary S-particle crosses the magnetic chamber 
the time of flight is 5-10-* s, the sign is known, the mass can generally be 
measured with good precision by the momentum-range method. Other in- 
formations are obtained by observation of the secondary, in particular its 
range, in the multiplate chamber. If the primary S-particle does not cross the 
magnetic chamber, the time of flight is, in average, 1.5-10-* s, sign and mass 
are unknown, the information concerning the secondary is still available. The 
S-events of the second class are referred to as «locally produced § ». 

The existence of a K,-particle decaying with the mode 


Ki SL, 


ras first suggested by the École Polytechnique group [1, 2] as an interpre- 
tation of the results on S-events obtained with this double cloud-chamber 
arrangement. 

The main feature by which this particle differed from other types of 
K,-mesons, known at this time, was the emission of a p-meson in a two body 
decay. The fact that the u-meson was emitted with a unique energy, was 
strongly suggested essentially by the absence of the so called intermediate 
ranges of secondaries i.e. secondary particles stopping between 15 gem? and 
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60 g cem? of copper. The existence of secondaries stopping with ranges com- 
patible with a unique value was cnly confirmatory, since only two existed at 
the time of the original publication and three for the Padua conference. 

The nature of the u secondary and the nature of the neutral secondary 
as a particle of mass zero was established by the comparison of the range of 
the charged secondary with the directly measured mass. This argument was 
largely independent of possible systematic or statistical errors in this mass- 


measurements. Indeed a mass of the primary particle of the order of 1050 m 
. 3 e 


would have been necessary to give to a secondary z-meson a range of the order 


of the observed one. This value of 1050 m, was at 7 standard-deviations of 


the measured mass and at 4.5 S.D. of the mass of the -particle. 

Finally the identification of the neutral secondary as a neutrino was made 
by using the absence of y-rays emitted in the direction opposite to the one 
of the charged secondary. Such a y being easily detectable in a multiplate 
chamber by the shower it initiates in the plates. 

Since then, the existence of the K,, has been confirmed by the comparison, 
made at the Varenna school by Ross1[3] and also by DIirworTH and Rossr[4], 
of the M.I.T. and E.P. results, DilwortH and Rossi made a careful study of 
the argument of the absence of intermediate ranges. Furthermore a sub- 
stantial number of stopped secondaries with a unique range — 75 g em~* Cu 
was found by M.I.T. [5], E.P. [6] and also by the Chamonix group of the 
École Polytechnique. Finally very recently, the use of very large stacks of 
stripped emulsions by the « G-stack collaborating laboratories » and the E.P. 
emulsion group has shown the existence of a group of K-particles emitting 
secondaries of unique range. These secondaries exhibiting at the end of their 
ranges the caracteristic p-e decay. The existence of the K-particle has been 
thus very well confirmed, also in photographic emulsions. This last con- 
firmation concerning only the two body decay and the nature of the charged 
secondary. 

It is, therefore, not necessary to present again our results as proof of the 
existence of the K, decay this has been done recently in an article of Nuovo 
Cimento [6]. We shall try instead to show which quantitative information 
can be obtained, from cloud chamber data, on this known type of particle, 


lexpecially on the mass and on the abundance of K,-particles. 


1. — Direct measurement of masses. 


Fig. 1 exhibits the results of mass measurement by the momentum range 


method on 22 K-particles. The figure shows also 52 mass Measurements on 


protons. The proton masses have not been used to standardize the masses 
of K-particles. The statistical precision on the mean mass is too small for 
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Or 


this use. The absolute mass for protons and for K-particles was deduced from 
the following elements: curvature of the track, range of the particle, value 
of the magnetic field, range-momentum relation of ARON, HOFFMAN and WIL- 
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LIAMS for Copper which is the material of the plates. We used the measure- 
ments on protons as a check on the precision of individual mass measurements, 
exactly as no field tracks are used to check curvatures measurements. How- 
ever, since the mean mass for the protons is (1833 +25) m,, it appears that, 
if systematic errors are present in our measurements, they could not affect 
the mass of the protons by much more than 50 m, (twice the S.D.). There- 
fore this systematic error could not be much larger than 20 m, for K-particles. 
This is true, for instance, if the systematic error was on the magnetic field. 
If it was a systematic spurious curvature, the effect on the K masses would 
be even smaller. 

The weighted average mass of all 22 K-particles is (928 +13) m,. The 
errors on individual measurements are between + 47 m, for the best one and 
90 m, for the worst, the great majority have an error of the order of 
-60 m,. The dispersion of the individual measurements about the mean 
is perfectly compatible with this error and a unique mass for the K-particles. 

The study of the secondaries shows that among these K-particles there 
are some which are certainly not K,. If one takes the average mass of the 
ones which are certainly K, (range of the secondary larger than 45 g em-? Cu) 
one finds (906 +27) m,. There are only 6 particles which fulfil the condition. 
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2. — Indirect mass measurements. 


The mass of the K,-particle can be determined by the knowledge of the 
range of the secondary, using the range energy relation and assuming the 
decay scheme: K, >u+ v. 

We have made careful study of the errors systematic or not systematic 
involved in range measurements in multiplate cloud chambers. 

The causes of error are: 


1) uncertainty about the stopping point of the secondary in the last plate, 
2) errors made in the geometrical reconstruction of the decay point of 
the K-particle, 


3) errors on the angles of the trajectory with the plane of the plates, 
4) multiple scattering in the plates crossed, 

5) multiple scattering in the last plate, 

6) straggling. 


Error 1) alone would give a rectangular probability distribution for the 
ranges, errors 2), 3), 4) are practically gaussian, error 5) introduces a certain 
skewness in the probability distribution of ranges. 

The results of these error cal- 
culations are summarized in Fig. 2. 
The meaning of the figure is the 10} 
following. One measures that a 
given secondary has traversed be- 


| P(r)g cm? 


fore entering the last plate a cer- icf 

tain amount of matter R, (the 

measurement of R, is of course 

affected by errors 2, 3, 4) and 

enters the last plate at an angle 0 a ve 


with the perpendicular to this 
plate. If one takes into account 
only the finite size of the last plate ost 
(error 1) the probability distri- 
bution of R is a rectangle. The 
bell shaped full curve gives the 60 Ri 70 R380 
probability distribution of R when Fig. 2. 


all the errors are taken into ac- 
count. If the angle 0 is less than 45° this distribution is symmetric and can 


be approximated by a gaussian one (broken line). For angles 0 of about 60° 
the long tail effect of 5 becomes apparent. However, even then a gaussian 


—» 
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approximation can be used. The figure shows clearly that a range measurement 
in a multiplate chamber has the same significance as many measurements 
in physics: one has a value R which is affected by a gaussian error. For the 
rectangular distribution there would exist absolute limits to the possible values 
of the range, this is not the case. (At least for ranges much longer than the 
thickness of a plate). 

Table I shows the results of 9 range measurements for all the secondaiesr 
stopping with a range greater than 45 gem? Cu. Only the secondary 48813 
was entering the last plate at a steep angle, thus the error is much larger than 
the average. One sees that in most of the cases the error (standard deviation) 
is +4 or 
shows that the finite size of the plates increases the errors by a factor 2 
or 3 in comparison to tracks for which the geometrical range would be known 
with infinite precision. 


| 6 ¢ em-? Cu in which the straggling enters for +2 gem. This 


TABLE I. — Data on the 9 secondary particles constituting the long-range group. 


Event R, AR, Ry 0 R p for y-meson 
No. (g¢m2Cu)|(g em Cu)|(2em-2Cu)| (deg) (g em? Cu) (MeV/c) 
21073 61.5 2.5 71.6 200 66.554 3.9 213.6 + 6.5 
25845 70.9 2.8 81.15 220 76.0 + 4.1 229.44 6.8 
30248 66.0 2.8 78.05 380 72.0 + 4.7 222.74 7.8 
38275 66.8 Sell 83.3 55° 75.6 + 6.8 227.3 + 11.3 
38797 64.6 4,2 84.2 610 PAO Se) O) 227.3 + 14.1 
ria 3.0 85.4 120 80.55 + 4.1 93720 +5 68 
eS | 94.7 3.5 105.6 30° 100.15 + 4.7 
47066 73.3 3.1 85.2 370 79.25 + 4.8 235.1 + 8.0 
47438 68.5 3.4 83.6 510 76.35 + 6.1 229.9 4 10.2 | 
48813 48.5 3.4 76.5 710 67.2 + 13.8 214.7 + 2.3 
It, and FR; are the so called minimum and maximum ranges, i.e. the ends of the rectangular | 
distribution calculated if one takes into account the finite thickness of the last plate and no | 
other errors. | 
AR, is the error on Ff, (errors 2, 3, 4). R is the measurement of range quoted with its | 
gaussian error. 
Event 40896 is quoted twice. If the second range was true the K-particle would not be 
a Ky, but the second range is probably spurious and due to the prolongation of the u trajectory 
by the decay electron. 


The weighted average range is (74.4 + 1.7) gem-? Cu. This value can be 
corrected by taking into account the fact that none of the secondaries had 
an ionization larger than 3 times minimum when entering the last plate. One 
obtains then for the range of the secondary of the Loi 


R=(75.7 + 1.7) ¢ em-? Cu. 
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RESULTS OF THE STUDY OF S-EVENTS IN THE DOUBLE CLOUD-CHAMBER 


The range energy relation of Aron, Hoffman and Williams gives for the mass 
of the K, 
(941 + 11) m,. 


If one takes into account a possible error of 2°, in the range energy relation, 
and also the possibility of a so called « wrong interpretation » [6], the error 
should be increased to +17m,. Wrong interpretation is, for instance the 
case where a K-particle would have decayed in flight just before stopping. 

The value of the range of the K, secondary given by the G-stack groups 
is (78.5 +1.5) gem of emulsion. If one assumes as usual that emulsion and 
copper have equal stopping powers, the cloud-chamber and emulsion results 
do not appear yet as significantly different. Indeed if the range in emulsion 
is taken as a range in copper and converted into mass using the same range- 
energy relations, one finds a mass (95849) m;. The difference between 941, 
the cloud-chamber mass, and 967, the emulsion mass, is probably due, at least 
in part, to a difference in standardization between the range-energy relations 
in emulsion and copper. 

If one considers again our results cn direct mass measurements, the mass 
of (906 + 27) m, for sure K, cannot be considered a scompletely incompatible 
neither with 941 nor even with the 7 mass because of the large error. However 
if one considers that the non K,,-particles of our sample are 7, or have probably 
a mass very close to the one of the 7, the average (928 5 13) m, seems to indi- 


cate a low mass for the K,. It is difficult to decide now if this can be due to 
an abnormally large statistical fluctuation, or a systematic error or a combi- 
nation of both. We have already pointed out that the mass found for protons 
makes difficult the assumption of a large systematic error. It is also important 
to mention the fact that a systematic error in range energy relation would 
modify the direct mass measurement and the indirect one by about the same 
amount, in opposite directions. Any attempt to increase the direct mass by 
this method will decrease the indirect one. However this is only true if the 
modification is the multiplication of R by a constant factor 

R E j 

zat) moli 
The situation could be different if the modification of the range energy relation 
was different for R/M = 0.7 g em? m,* (direct mass) and R/M = 3.5g cm? ini 


(indirect mass). 


3. — Proportions of different types of K -particles. 


In the report of the committee for K-particles at the Padua conference it 


was said that a K,-particle defined as a particle decaying into a u+y could 


account only for less than 30% of the K-particles observed in emulsions. This 
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conclusion was based on the fact that the pf spectrum of the secondaries was 
continuous from 10 MeV/c to 320 MeV/c, and that the average mass of K-part- 
icles whose secondaries were compatible (inside of one S.D.) with the pf of 
the K, secondary was (1069 +84) m, (by ionization-range) and (1113 +60) m, 
(by scattering-range). However the average mass of the K having secondaries 
with p8 > 197 MeV/c by more than one standard deviation was (914--30) m, 
(by ionization-range) and (1000490) m, (by scattering-range). 

On the other hand the absence of intermediate ranges observed in cloud 
chambers indicated an almost complete lack of continuum in the spectrum 
in the region between pf = 80 MeV/c and 200 MeV/c. 

The recent works on large stacks of stripped emulsions give now a sure 
method to classify K-particles into different categories according to the mode 
of decay: y, K,, x, Kg, K,,, t. It is therefore interesting to compare the pro- 
portions thus obtained in photographic emulsions to the ones deduced from 
cloud chamber data. However the multiplate cloud chamber (at least for the 
thick plates used actually) does not allow a sure classification of all types of 
K-particles. For instance a x-particle emitting a » of low energy cannot be 
distinguished from a 7z-particle. Furthermore the multiplate cloud chamber, 
discriminates certainly against those K-particles which emit a secondary of 
small range (below 20 g cm-?). Therefore the multiplate cloud chamber gives 
only reliable numbers for the relative proportions of y ad K,. The particles 
whose secondaries stop at 44 g cm”? Cu are considered as y, the one whose 
secondaries go further are considered as K,. If we restrict our study to 
the locally produced K-particles (average time of flight 1.5-10-° s) we have 
at the Pic du Midi 1 y for 10 K,. Taking into account the results of M.I.T. 
and of the Chamonix group (same average time of flight) one finds 10 y for 
55 K,. The number of y°s should be corrected for the number missed as a 
consequence of a nuclear interaction of the secondary. The final proportion is 


the statistical fluctuation must be calculated on the 10 y’s really observed. 

If we now consider the K-particles of the Pic which crossed the magnetic 
cloud chamber, the time of flight is 5-10-° 5. Furthermore the sample is not, 
or much less, biased by the type of decay because the identification of the 
K-particle can be made by mass measurement (this type of scanning has been 
done in the search for K). In this sample of 22 particles (with well measured 
masses) no clear cut case of y-particle identified by the range of the secondary 
has been found. One can make a comparison of the number of sure Kis a 
the number of surely not K,. In order to have an unbiased proportion we 
select the secondaries which had an available range larger than 44 gem-? Cu. 
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The secondary of the K,, goes further than this limit, the secondary of the not 
K,, stops before. One finds 6 K,,’s for 3 not K,’s. 

Finally one can also identify all the particles which are surely not K,, 
either because the secondary had a short range or because there are asso- 
ciated y-rays. One finds 7 K’s surely not K,,’s, to 15 possible K,’s. The two 
proportions are quite close which seems to indicate that the efficiency in de- 
tecting not K,,’s (by short range secondaries or by y-rays) is close to 1. The 
‘statistics are of course quite poor but they indicate that it is likely that the K, 
constitute at least 50% of all the K-particles living more than 5:10-° s. There 
is only a 3% chance that this proportion should be smaller than 30%. 


4. — Positive excess. 


One of the advantages of the double cloud chamber arrangement is that 
it allows the detection of K-particles by direct mass measurements and their 
| classification according to sign as indicated in the magnetic cloud chamber. 
Therefore one detects a proportion K*/K™ directly correlated to sign and 
not the proportion of K-stars to K-decays whose significance may depend 
from the strength of the interaction between K-particles and nucleons. 

The difficulties of the scanning for K-particles without consideration of 
the emission of a secondary has been exposed at the Padua conference. It 
was explained there, that a 7-meson interacting in a plate and emitting a 
single proton in the prolongation of the = track could give spurious heavy 
masses. The mass measurement however, gives, almost always, @ result comp- 
letely incompatible with a K-particle. Therefore we have restricted our pro- 
portions to K™ and K+ whose masses were accurately measured. We have 
a certain confidence in the efficiency of our scanning, because some K* were 
discovered during this scanning and the secondary if any was discovered later. 

The result is that we have 2 K™ for 22 K+. One of the K has a mass 
(1050 +69) m, and a secondary is emitted with a range of about 15 g em. 
The other has a mass (1240 +87)m,, a y-ray is probably but not surely, 
emitted from the stopping point. It should be observed that the mass is 
150 m, larger than the largest one in the K* sample. It is difficult to decide 


now if this event represents: 


a) a spurious event by x, p reaction; in this case the presence of a y-ray 
would be a chance coincidence; 

b) a real ordinary K -particle giving a highly anomalous mass measu- 
rement (ordinary K means a K-particle having the same mass as a known 
type of K*); 
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c) a K-particle having really a larger mass than the Kos actually 
identified. 


One must bear in mind the fact that our results on positive excess apply 
to K-particles having an energy between 260 MeV and 350 MeV, a time of 
flight of 5-10-* s produced in lead at 2850 m altitude. The chambers are trig- 
gered by a conventional G.M. counters arrangement for selection of penetrating 
showers. There is no selection of the character charged or neutral for the 
primary of these showers. 
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INTERVENTI E DISCUSSIONI 


— M. CECCARELLI: 


Difference in nuclear interactions between protons and K-particles could explain 


the fact that a low mass was found for K-particles, in direct mass measurements by the 
momentum range method?, 


— CH. PEYROU: 


The proton have certainly nuclear interactions. However we supposed that the 
aspect of the trajectory in the bottom chamber allows the elimination of these cases. 
If the situation were different the average mass for protons should be larger than the true 
one. It is (1833 +27) m,. To explain the situation by the hypothesis made by CEc- 
CARELLI one should assume the existence of a systematic error which would just com- 
pensate the effect of nuclear interactions on the average proton mass. As already 


pointed outin the paper, the proton mass has not been used as standard but as a check 
for errors. 
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V* Events. 
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Ecole Polytechnique - Paris 


(Reported by R. ARMENTEROS.) 


In this paper some results on charged V-particles obtained with the double 
cloud chamber arrangement at the Pic du Midi will be presented. 

The main characteristics of the apparatus have already been described 
(GREGORY et al., 1954), but it may be worthwhile to summarize some of the 
more important features. 

The two cloud-chambers of dimensions 6% cm height, 64cm width and 
30 cm (top chamber), 40 em (bottom chamber) iluminated depth have their 
horizontal axes separated by @ distance of 109 cm. The top chamber is in a 
magnetic field of 2500 gauss. The bottom chamber contains 15 copper plates 
Jem thick. 

AIl the measurements have been carried out on nearly full size projected 
images of the views obtained by three cameras. The customary corrections 
have been made to transform the measurements on the images into estimates 
of the actual decay variables. 

A calibration of the performance of the ¢ 
rements are concerned has been made throug 
stopped in the bottom chamber [1]. A mean spurious sagitta of 150 pm was 
obtained for track lengths of the order of 48 em. To this corresponds a 
maximum detectable momentum of 15 GeV/c. For shorter track-lengths we 
have assumed that the maximum detectable movaries inversely as the square 
of the track length. This hypothesis has been shown to be a good approxi- 


hamber as far as curvature measu- 
h the study of 50 protons which 
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mation by the measurements carried out on the 7-decays about which HENDEL 
reported in a previous session. 

Throughout the data we have assumed Gaussian errors, in particular the 
error in sagitta has been assumed to be normally distributed. The errors that 
will be quoted will always have the meaning of a standard deviation. 

In deciding whether a V-event has to be interpreted as the decay of a 
heavy unstable particle the usual criteria have been used. The decays of 
x-megons into u-mesons have been excluded by making full use of the well- 
known dynamics of this decay. 

The detection efficiency in the scanning for V~ particles has not yet been 
verified. We know, however, that when the main attention was devoted to 
the problem of S-particles it was rather poor. Hence in the considerations for 
which a bias may result from this scanning inefficiency only the last 
15000 photographs will be used. 

The total sample of V~ consists of some 180 events of which about 100 were 
positives and about 60 negatives; the signs of the others being undeterminable. 
These were obtained in about 35000 photographs. 

In the sample restricted to the last 15000 photographs we have found 
Dany, 44 Va, 6-V>, det and 27 

This paper will be divided into two parts: in the first one a phenomeno- 
logical comparison of V* and VT will be made, while in the second some results 
on V+ will be presented. 


1. — General comparison of V* and V . 


One of the first results that came out of our study of S-particles, i.e. part- 
icles which under our experimental conditions had lived for times >5-10-°s, 
was the very strong charge asymmetry which showed positive S-particles to 
be much more abundant than negative S-particles. The negative to positive 
ratio is 2/22. The average momentum of these particles being p ~ 500 MeV/c. 

It-was only natural that the possible origin of this difference be investigated 
by considering the decay of charged V-particles. It is to be expected that 
the potential S-particle population will appear at least partially in the charged 
V-particle population. Any differences between the two populations being a 
reflection of the mode of production and/or lifetime of the different particles 
constituting the two groups of unstable particles (V* and S*). For the 
V=-particles that we are going to consider, this time is on the average equal 
to or smaller than 1.5-10-®s. 

In the study about to be made, charged V-events will be separated into 
two groups according to the sign of their charge and a comparison will be 
made of the most revealing features in the two groups. 
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1'1. Decay angles. — In Fig. 1 the distribution of the angle 0, between the 
path of the primary and charged secondary is shown separately for positive 
and negative decays. A convenient figure to characterize the distributions is 
the median angle i.e. that angle which divides the observations into two equal 
populations. 


Cho 
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For positive decays this median value is 0 = 18°, while for negative decays, 
0 —12°. It also appears that the spread in angle is larger for V+ than for V . 

Although these differences are not statistically significant they tend de 
indicate either a different nature for Vv+ and Vo or a difference in velocity 
spectrum or both. 

The main interest of this diagram is that it shows immediately the geo- 
metry of the decays we have been able to detect. In confronting the results 
obtained in different laboratories these angular distributions can be of help 
since they indicate the values at which a small angle cut-off is introduced by 
the conditions of observability imposed either by the cloud-chamber distortions 
or by the efficiency of the scanning. 
— A more telling comparison between V* 


112. Momenta of secondaries. i 
am of secondary momenta is shown. 


and V~ is shown in Fig. 2. In this a histogr 
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A logarithmic scale of momenta has been chosen to take roughly into ac- 
count the fact that as the momentum increases the precision of measurement 
decreases rapidly. 

The median value of the momenta of positive particles is £-10* eV/c, while 
that of negatives is 8-10° eV/c. 


Primary momentum>1GeV/ 


” » <1GeV o 


Rios 2. 


It has to be noted that not all secondaries have been measured; in parti- 
cular 12 positive secondaries could not be measured. This could be due to 
the fact that these secondaries: 


a) were too energetic to be measured, or 
b) gave only short tracks in the chamber. 


However, for the majority of the events in which no secondary momenta 
measurements were possible, the primary momenta could be measured. These 
measurements can, therefore, be used to see whether the momentum difference 
between the secondaries of positive and negative V’s is real or not. In the 
linear histograms of the angles 0 shown in the top right hand corners of Misa, 


vt EVENTS 533 


those primaries are shown together with an indication about whether their 
momentum was above or below 1 GeV/c. 

It can be seen that those events which were not included in the main 
histograms of momenta tend to accentuate the conclusion that the secondaries 
of negative V-decays have on the average a higher momentum than the se- 
condaries of positive V-decays. 


1°3. Momenta of primaries. — A more striking difference between positive 
and negative charged V’s is the relative number of events in which the primary 
momentum could be measured. If we define as measurable a track for which 
the precision of measurement is better than 30%, and if we restrict ourselves 
further by accepting only momenta smaller than one GeV/c, the numbers are: 
aay, 20 Vr and 3. ct. 

Thus the charge asymmetry observed for S-events, which is not apparent 
in our total sample of V’s appears again in a selected group of charged V’s 
for which the mean velocity is the same as in the S-events but the mean 
time of flight is on the average 1.5:10~°s as compared with > 5-10-°® for 
S-events. This significant difference between positive and negative events could 
again be due either to the spectrum at production or to a difference in life- 
time or a combination of both. 


1°4. Distribution of decay points. — The difference between V+ and V -events 
we examine now by considering the distribution of their decay points. This 
distribution will clearly depend on how the mean life-time of the particles 
considered as a group compares with the time offered by the cloud-chamber 
for the observation of each decay. Since the relative geometry of the decay 
event and cloud-chamber is not the same in every case, we have to consider 
for each event the distance travelled by the particle inside the chamber 
before it decayed and the distance, also inside the chamber, over which the 
decay would have been recognized as that of a V*-particle. 

Following the correction procedure suggested by NEWTH [2], we de- 
fine as L, the length before decay and L, the potential decay length, and 
we consider the distribution of the quantity LD: The meaning of this 
distribution is clear: according as to whether or not it departs significantly 
from uniformity in favour of values L,|L,< -5, the average decay length of 
the particles considered is short or long compared with the dimensions of the 
chamber. 

The distributions of L,/L, are shown in F 
decays. 

While for positive charged V’s there is no significant departure from ae 
formity, the negative V’s are significantly concentrated at values of L,,|L,<9.5. 
The difference in the number of decays with L,/L,-values below and above 0.5 


is 25 + 6.4 for V--decays. 


ign Lor positive and negative 
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From 1°3 and 1°4 we conclude (*) that, although a difference in the spectrum 
at production of positive and negative particles is possible, there is no doubt 
that the negative particles we have observed have a shorter mean life than 


the positive particles if we consider that the two separate groups are homo- 
geneous. If, as we will see later, the two groups show themselves not to be 
individually homogeneous, the result just obtained means that particles of 


(*) Qualitatively similar results have already been published by Kim et al. [3] 
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short life-time predominate amongst VT while particles with a life-time long 
compared with their potential time of flight across the chamber predominate 
amongst V~. 

As both V+ and V~ (as will be shown later) comprise more than one mode 
of decay, we cannot calculate the life-time. It has to be noticed, however 
that if we assume an aver- 
age value of P/M — 2 forthe primaries of V, the concentration of L,,/L,-values 
below 0.5 implies a life-time < 3-10-1° s for a large proportion of these decays. 


as indicated by the momenta of the secondaries 


2. — Results on positive charged V’s. 


We will now consider V*-decays and see what we can learn about them 
from different points of view. 


2°1. Identification of individual modes of decay. 


K or Y nature. — In the restricted sample of 54 V+-events significant 
curvature measurements have been possible on 31 primaries. A hyperon will 
appear clearly as a heavily ionizing track if its momentum is less than about 
700 MeV/c. In 20 of the decays the momentum-ionization comparison excluded 
a hyperon primary. These 20 V* can therefore be identified unambiguously 
as K*-mesons. 

From the same considerations we can exclude in at least 20 events a proton 
secondary. 12 of these were already identified as K*-decays from the aspect 
of the primary. 

Since the accuracy of the momentum measurement goes as the inverse 
square of the length it is clear that the identification of a K-particle can only 
be made when the decay occurs in the lower part of the chamber. The identi- 
fication of 20 K-particles out of our sample of 54 shows therefore that the 
majority of V*-events correspond to the decay of K-particles. It will be shown 
that hyperons are also present in our sample but the preceding argument shows 
that they cannot be very numerous. 

The double cloud-chamber arrangement allows u 
information about individual events than has hither 


s, to obtain more complete . 
to been possible in cloud- 


chamber work. 
Using this information we will show that the v 


of decay of K+-particles exist among the V* populatio 
the K, mode which cannot be very abundant in our sample. 


arious well known modes 
n. One exception is 


K_, mode of decay. — An event representing this decay mode was pub- 
TT 


lished in Grécory et al, [4]. 
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K,,, K, modes of decay: Four Vt-events were observed in which the 
charged secondaries, with accurately measured curvature in the magnetic 
chamber, stop in the multiplate chamber. From their known momentum and 
range their masses were calculated using the range-energy results of RICH 
and MADEY (1954) (*). The relevant data are given in Table I. 


TaBLE I. — Data on 4 stopping secondaries of V* events. 
= — : a 
| | Rof | Mass of | 3 | 
| Event Pi Pa 0 secondary | secondary | Pe | E DI | 
| No. | (MeV/c) | (MeV/c) (deg) (gem-2Cu)| (m,) | (MeV/c) | (MeV/c) | 
| | x i | 

"i > "i | 

2492 | — | 2504 8 | 5440.5] (83.643 | 223418 | 195s ae Ng 
35467 | 365+30| 205412 | 27.5405] 66 +4 | 193426 | 9548] 108+ 9 | 
| 48347 | 3404810 | 334415 | 13 +0.9| 153.445 | 179432 | 7444 | 214+15()| 
48732 oem 305+16 | 45.4+0.6 | 127.744 | 197431 | 22146 — 


| <M) = (204412) m,. | 


(7) In this calculation use was made of the fact that the primary had a visible ionization 
I/I, >>2. p* has been calculated assuming a primary mass of 950 me and a u secondary. 


Each individual mass estimate is more than 2 standard deviations below 
the z-mass and in good agreement with the u-meson mass. The mean weighted 
mass of the four secondaries is <M)> = (204 +12) m,. 

These events prove the existence among V* of K,,;-decay modes and strongly 
suggest the existence of K,-decays. We note also in this sample the absence 
of y', which therefore cannot represent the majority of V*-events. 


yT-mode of decay. — Under favourable circumstances the double cloud- 
chamber system can provide useful information about the neutral secondaries 
resulting from the decay of unstable particles. In the manner that Dr. Rau 
will explain later in more detail, starting from a hypothesis about the nature 
of the decay scheme the dynamics of the decay can be used to predict the zone 
within which we can expect to find in the multiplate chamber a cascade 
shower, resulting from the decay of a 7°. 

A systematic search was made in all cases for which both primary and 
secondary tracks in the top chamber were measurable and the corresponding 
dynamics of the decay was compatible with a y*-decay. If all these events 


(*) M. RicH and R. Mapey: University of California, U.O.R.L. 2301 (1954) (not 
published), These results are essentially an extension of the work of ARON, HOFFMAN 
and WiLLiaMs: A.E.0.U. 663 (1949) (not published). 
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had been y?’s, it would have been expected to observe 4 electronic showers. 
In two cases only did we see evidence of electron multiplication in the plate 
chamber. A study of the direction and energies of these showers showed that 
they were most probably associated with the V*-decay. In both cases, there 
was no electron emerging from the lead producer above the momentum chamber. 
It would be extremely improbable for a 500 MeV y-ray to emerge from a lead 
block without any associated electron. 
in Table, II. 


The data on those events is given 


TABLE II. — V* events with associated y-rays. 
| | ] 
| Event Pr Ps 0 p* 
| No. (MeV/c) (MeV/c) (deg) a > nt — T0) 
37528 337 +24 95 +5 1285 eee 20810) 
| 
229 70R+110 IQULICIO FOIS ¢ 
| 49232 1962 32 188 + 8 53.5 + 0.5 214+53 (*) 
| (*) The momentum of the = in the center of mass was calculated in this case using the 
measured values of p,. p. and 9, assuming the decay scheme xt n+ + 7°. 


Hyperons. — A search for neutron interactions associated with V* was 
made on a total of eight events in the manner which is described in the next 


paper. 
The three decays described in Table III bring evidence for the existence 


of positive hyperons in our set of V*. 


TapLE III. — Probable Y*-decays. 


| | 6 (deg) Nature 

| È. . a È Rn 
Event pi |4(1p)| re |AC/p)|  __ ASS: of secondary 2 ae 
No. MeV/c) | 1/p. |(MeV/e ‘harged | Neutral | 

( /e)| 1fp, |A le) 1/p, | Charged | Neutra duca nona x) 

| secondary secondary = 
46413 6600 | 100% — eA Seer onl aon) OLD neutron |1.4:10710 
35587 | > 2000 _ 267 12% |13.8+ .7| 8+.8 —- neutron |1.3-10-1° 
48100 — - 2200 | 20% | 6.1+1.5|) — mt orp | not x’ | .2-10-% 


In two cases the charged sec 
In two cases the interaction of a neutron was 


dicted line of flight for a decay 


The dynamics of event 48100 allows only 


we restrict ourselves to known mo 
In the y* hypothesis, the caleula 


des of decay). 
ted line of flight of the 7° was such that 


ondary interacted in the piate chamber. 

observed along the pre- 
of a hyperon Xt >7* + n. 
the interpretation y* or X* (if 
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the observation of electronic showers would have been certain. Since none 
were observed we conclude that this event corresponds to a X*. 

The observed events were very fast. Since the Q-value depends very cri- 
tically on the measured angle of emission of the neutron it is clear from 
Table III that no good measurement could be made. Nevertheless, all three 
events were in good accord with the known X*-decay mode. 


Kg mode of decay. —In 12 out of the 54 V+, the charged secondary 
entered the plate chamber and in no case a cascade shower was observed. 
Since we know that hyperons exist among these 12 events, we must restrict 
ourselves to those 5 in which one could identify the decay as one of a K-meson. 

The absence of K,-decay modes can therefore be quoted on a potential 
number of at least 5 K*-decays. 


2°2. Other p* measurements on V+-events. — Most events in which both 
primary and secondary momentum were well measured did not yield information 
on the nature of the secondary particle. Table IV gives the measured data 
on 14 such events. 


TABLE IV. — p*-V* events (secondaries not identified). 
a) | p, A(1/p;) | o | A(1/p.) | 6 p* Gn MeV/c) assuming: | 
q MeV/c) “jp | (MeV/e) pt lana | PE DIRE 950 m, 
I Vi | Pa | vaga | secondary mass 240m, | 
| | 
24975) 277 go bai oro, anno 76 +11 
31465 | 854 | 13 % 296 10 % 14:34 0,6 3511 
33308 404 ih “Oe 191 BOVA 133.358 LOTTE 
23863 | 913 | 18 % 433 8.5% | 12.5 + 0.5 109 + 16 
207445) 217) “659% | Tal "| 76% cea ei 121 + 10 
23405 | 659 | 14 % 493 10.5% | 85+0.7 | 150 + 27 
DE e LIES, 449 | 20 °F | Sr oO 050 loss 
È 0/ 9 0) 7 

sszea | aso | ae % | ses | ase | wei dos 203 

%, 8%. AL OS 203 + 14 
35102 8520" OF ivo Iso a et 206 +34 
31129 190 au. MA 1860, Le 3.296 | bre 209+81 
36697 | 462 | 22 % | 320 3.3% | 40.1+0.4 210412 
46509 | 194 | 47 % 311 CAR 418 oe 236 + 26 
28022 | 206 | 17.5% 323" {i ATO GA 38188 tee 238 + 15 


In the last column a calculation was made of the momentum in the center 
of mass assuming a primary mass of 950 m, and a secondary mass of 240 m 
(the mean between the 7 and u masses). The calculated p* is usually toa 
insensitive to these assumed values and for all the events of Table IV a change 
of 30 electron masses on the assumed values of the primary and secondary 
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particles changes the values of p* by less than 15% of the quoted statistical 
error. It is also interesting to note that if the distribution of the decay angles 
is uniform in the center of mass, the mean value of p* is independent of ane 
assumed masses of primary and secondary particles. The values of p* for 
the 18 events of Tables I, II and IV are displayed in Fig. 4. 


oO“ 
_O__ + 
_O____A 
re 
—_____-+; IL 
Al Di 


P_ Oo 
-—————O——_ 
os N p* 
50 100 150 200 250 (MeV/c ) 


Qualitatively these results indicate a majority of events with p* com- 
patible with the y* and K,-modes of decay, a paucity of p* in the 130 to 
200 MeV/c band and a certain number of good events compatible with the 
7’ and K,, modes of decay with p* < 130 MeV/c. 

In interpreting these numbers, one must note that when measurability is 
taken as criterion, the results are strongly biased in favor of low values of p*. 
An estimate of this effect shows that a factor of 2 should be applied to the 
numbers in the p* region 200 MeV/e with respect to the numbers in the p* 
region of 100 MeV/c. 

Tf we take this effect into account, we can give a rough estimate of the 
relative abundance of low p* (7, 7’, K,, and Ky p* < 130 MeV) ina momentum 
band of (500-+300) MeV/e and at a time of fligth (1.5 + 5)-10-*s. The number 
of low p* is of the order of 30% of the total and is not significantly different 
from the one obtained for S-events for the same mode of production, the same 
momentum band and a time of flight of 5-107° s. (See ARMENTEROS ei be tale 
where the corresponding number is 5/22). 

At the time of the Padua Conference, while all of the low p* shown in 
Fig. 4 existed, only four high values of p* had been obtained. This fluctuation, 
and the fact that no account had been taken of the measurability bias explain 
the different result. 

The relative abundance of y* and K, could i 
a statistical study of the p* distribution in the 1 


n principle be obtained from 
80 to 250 MeV/c momentum 
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band. The uncertainties on the exact masses of the two particles responsible 
for these decay schemes and our limited statistics do not allow us however 
to give any significant answer. 


3. — Conclusions. 


Among 54 V+-decays it was shown that the majority of the events were 
due to K* particles. 


The various known modes of decay 7, K,3, K,;, x and K,, were most 


a 
probably identified in our total sample. No K, was observed. 

The ratio of numbers of short and long range secondaries of S-events at 
a time of flight > 5-10-*s and the ratio of numbers of small and large p* 
for V-events at a time of flight — 1.5-10-*s are found to be the same within 
our statistics. 


Three very energetic (p~10 GeV/c) positive hyperons were also identified. 
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1. — Introduction. 


ARMENTEROS, in the preceding paper has pointed out some of the diffe- 
rences which exist between V+ and V -particles as indicated by the data 
of the Pic du Midi group of the École Polytechnique. He has shown that: 


a) among V* most of the primaries have measurable momenta, while 
few among V are measurable, 1.e., the momenta are high (1 GeV/c) and the 
track lengths are short; 

b) the mean decay angle is larger for V* than Torey = 

c) the mean secondary momentum is smaller for V+ than for Ve 

d) the distribution of the ratio L,/L,, where Ly is the distance to the 
decay point and L, is the available path length for decay in the cloud chamber, 
is roughly uniform for V* but heavily favors small L,|L, for negatives. 


These observed differences could reflect real differences in the production, 


in the lifetimes, and in the types of particles included in the V+ and 
V groups [1, 2]. 

In this paper we will present 
p,, the secondary momentum, p, and the angle, 
which a p* value (*) can be calculated. The remainder of the paper will be 


a few cases in which the primary momentum, 
0, are measured and from 


(*) p* is the momentum of the changed secondary in the rest system of the 


primary particle. 
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devoted to the discussion of the secondaries of the V -particles and to the 
information which we have about these secondaries. The combination of the 
momentum cloud chamber and the multiplate cloud chamber [3] is very ef- 
fective in the study of the secondaries of charged V-particles. 


2. — The data. 


Approximately 35000 useable photographs have been obtained with the 
double cloud chamber. In this group 56 V -particles have decayed in flight 
in the momentum chamber. Only 7 have allowed the determination of p* 
to within a standard error of 30%. Another decay, which occurred in the plate 
chamber, gave an accurate p* determination. As was mentioned by ARMEN- 
TEROS, only the last 15000 photos have been scanned with high efficiency for 
the detection of charged V-events and consequently statistical inferences will 
be drawn only from the data contained in these 15000 photos. There were 
44 V -particles in this group, and 4 gave p* determinations. 


3. — p*-measurements. 


In Table I are shown the data on the 8 p* calculations. 


TABLE I. — p* V -events. 
A(1/ | / 
Event Pi : ae Ps A(1/pa) 0 pe 
; p 7 1/Ps 
No. |(MeV/e)| 7/21 | (MeV/c) | CA (deg) (MeV/c) 
a x CISANO) = 70 
16042 218 4 192 | 24 22.3 + 1 118 + 30 | 
19415 353 8 417 | The 35.9 +1 2 Gomer 
: | -32 
22620 498 6 259 13 DIL 211332 
27103 1280 ji 188 (4) | 4 (i NR "E 263 + 27 
217 (7) 5 
35673 810 15 194 20 24.6 +1 den 
43597 231 16 350 O 41.141 257 + 13 
45022 110 dey 144 | 25 55 +1 LS: 
-2 
47447 821 19 842 18 16.8 + 1.6 28400 
Pi, primary Momentum; p,, secondary momentum; 0, angle between p, and p.; p*, the 
momentum of the secondary in the rest system of the primary computed on the i of 
a DE MAtY mass 950 me and a secondary mass 240 me; column three and five aro the percentage 
errors in the reciprocal of momentum (normal distribution). See the text for a discussion of 
events No. 27103 and No. 43547. Note that the errors given are standard deviations. 


In the Table p, is the primary momentum, p, the secondary momentum 
and 0 is the angle between the primary and secondary tracks. The last 


V- EVENTS 543 


column contains the p* values calculated on the assumption of a primary and 
secondary masses of respectively 950 m, and a 240 me. Fig. 1 is a plot showing 
these p* values and their errors. The small number of cases and the relatively 
large standard errors elimit our conclu- 


sions. but we can mak two general sta- LA 
—_ Oo“ 
tements: MSA 
-O —_ 
a) there are three low values of Ha ED 
p*, very probably not consistent with da sso e" 
either of the two decay schemes K, or esa _ Mev/e 
70100 10 200 250 300 350 


y but they could pertain to either 7'° 


or x; Fig. 1. — A plot of the 8 p* values which 


are given in Table I. 
b) of the remaining five p* values 
4 seem slightly higher than the Kt (p* w 230), but we must be aware that 


the statistics are small. 


Two events in this group deserve additional attention. Event No. 27 103 
is a V~ which decayed in flight in the multiplate chamber and subsequently 
its secondary particle came to rest in one of the plates of the chamber. Thus 
the momentum of the secondary is inferred from the measured range. These 
values are given in Table I. In Table II we give the values of p* as calculated 
for various assumptions of the secondary particle and the primary mass. 


TABLE II. — Event 27103. 


ET Secondary | ee 
935 È | 263 + 27 

965 il T | | 3384 30 

de 2350 (1) ; | TT Ci Libri + 12 


Using the measurements given in Table I, we assume the 
primary masses shown in column 1 and the secondary particle 


shown in column 2 in order to calculate the p* values shown 
| in column 3. 
| (1) In this case the time of flight of the primary would be 


40 -10-*°s. 


ions. This follows from the 


We see that p* varies greatly with these assumpt 
ange measurement and 


fact that the secondary momentum is derived from ar 
hence is quite different for 7 or u-mesons. From this table it is clear that 
the x is excluded. It can also be excluded since both y-ray induced showers 
arising from the decay of the x° would have been clearly visible in the plate 


chamber. 


Although the p* agrees best with that of the hyperon (2 >D + ™); 
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the time of flight in this hypothesis is 40-107!°s. The measured lifetime 
(108) (Of Y* as given by emulsion groups [4] appears to rule out the 
interpretation of this event as a hyperon. This event could be interpreted 
Acta ono 

The second event is No. 43597. From the measured momentum and ioni- 
zation (visually estimated as between 1.5 and 3.5) the primary is definitely 
a heavy meson and not a hyperon. 

The p* as given in Table I changes less than 1 MeV/e if we assume a 
primary mass of 965 and a 7 secondary. It appears therefore that this event 
is also difficult to interpret as a y~-decay since the p*-value is three to four 
standard errors from the p* of the y*. The minimum mass for this K-part- 
icle is (1050 +50) m,. calculated assuming the decay scheme: K{~ > e 4y. 


4. — The secondaries of V -events. 


The double cloud chamber has a great advantage over the single momentum 
cloud chamber in the study of V-particles which decay in flight, since it is 
often possible to observe the behaviour of the decay products as they pass 
through the plates of the multiplate chamber. For example if we confine our 
attention to the charged secondaries, we can easily see that following these 
particles is only a question of geometry, namely knowing the position and 
direction in the momentum chamber we can predict the point of entrance 
into the lower chamber and afterwards look in this chamber to see if the 
secondary appears near our predicated entrance point. We can then follow 
the track through the plates and look for large angle scatterings, charge ex- 
change reactions and nuclear interactions. In our data 18 secondaries have 
been followed into the multiplate chamber and each had an average available 
path Jength inside the chamber of 1.17-%, (*). If all these are assumed to be 
Tt-mesons (or other particles which interact with geometric cross-section) we 
would expect to observe 12.4 interactions. In fact we have observed 11 inter- 
actions. See Table III for a summary of all information on the secondaries 
of V. This observation would indicate a large fraction of strongly inter- 
acting secondaries or a large fluctuation in the statistics. For example there 
is about a 5% chance that } of the secondaries could be non-interacting, 


i.e. u-mesons. As to the exact identity of the secondaries, we can say the 
following: 


i) a large fraction appear to interact strongly; 


ii) two have been identified as 7-mesons, hence we assume as a working 
hypothesis that all interacting secondaries are x-mesons; 


(*) A, is the mean free path for geometric cross-section. 
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iii) no secondary has been identified as an electron. < 


high energies would be easily detected by the shower it 


TaBLE III. — Secondaries of V events. 


45 


An electron of these 


would produce. 


Expected 
number 


Nature 


of the secondary Availability 


Number 
observed 


| : È 
| have been observed in unity betw 
| 15000 photos which also 


| gave 44 V -events 


results on secondaries of V—-events. 
scheme assumed. 
decays of the secondaries. 


vents are of the same type, W 


Summary of the 
under consideration, and the decay 
for the observation of interactions or 
of interactions or decays expected if all e 
the experimentally observed number. 

The row for 7’ is separated from the othe 


a different manner. 


r rows since the number 


In addition to observing interactions of tl 
sible to detect the presence of y-rays and neutron 
production of electronic showers and nuclear interact 


cloud chamber. 
We have attempted a study 


emes, analogous to those already known among 


decay sch 


of these neutrals by consider 


Charged 18. each with an average 12.4 interactions, | 11 interactions 
Secondary available path length of | allare 77-mesons 
eye 
Neutrons | 12 traversals of 7.5 interactions 1 interaction 
Dia from | 15 plates of | (The charged se- 
Painter 127 for each | condary interacts | 
also) 
Gammas 6 events of 100% observ- 10.8 showers 1 shower 
from | ability | (Both y showers 
DTA To 8 cases averaging 60 % seen in this case) 
Ra i | 
observability 
ENO | 44 V-, each A° has about | 14 f>ptrt 1A° 
from | 1 decay length on the | 
E > A°+x | average | 
| 
| | | | rahe 
ieee et Dr |) Dot (ee E om) | Assuming a branching ratio of 


een t and T'7 we 


| would expect to have in our 
sample 2 7’ among 44 V -events 


The first column gives the secondary 
The second column gives the availability 
Column three gives the number 


hile column four gives 


of t’~ is estimated in 


ne charged secondaries, it is pos- 
s as decay products by the 
ions in the multiplate 


ing two-body 


Vt-decays. In par- 
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ticular we have considered 


In the majority of our VT cases we were able to measure the secondary 
momentum, p,, and the decay angle, 0. Assuming a two body decay scheme, 
then 2 measurements are sufficient to compute the primary momentum, the 
neutral particle momentum and the angle which the neutral makes with the 
primary. These quantities can be calculated for each case and for each of 
the assumed decay schemes. We have found it very convenient to use the 
a-e plot suggested by POPOLANSKI and ARMENTEROS [5]. Fig. 2 shows this 
plot for the y--decay. The caption to this figure describes the plot. Then 
from the geometry of the event in the momentum chamber and the momenta 
and angles we were able to predict the direction in space of the neutral se- 
condary. If this predicted path passed through the multiplate chamber we 
examined the stereo-photographs of this chamber for evidence of the presence 
of the neutral secondaries. For the XY -decay the direction of the neutron is, 
on the average, defined in a cone of half-angle 1°. It is thus relatively simple 
to search for these interactions. A possible source of confusion is from high 
energy neutrons which can be produced in the same interaction simultaneously 
with the = and which can produce in turn an interaction in the multiplate 
chamber near the predicted path of the decay neutron from the ©. On the 
other hand the y~-decay does not predict uniquely the position of the y-ray 
showers resulting from the decay of the 7°. 

The situation is however relatively simple. The two y’s from the 7°-decay 
have an angle, g, between their lines of flight given by 


(1) pitt e LES 
2 oVU, U, 


where m,» is the rest mass of the 7° and U, and U, are the y-ray energies. Now 


the most probable decay is when U, = U, and then the above equation re- 
duces to 
2 (A 


where U_» is the total energy of the x and /2 is the semiangle of a cone sym- 
metric about the x° line of flight. We have used this last equation to define 
a cone, within which one y-ray will lie, whether the two y-rays divide the 
m energy or not. This cone will intersect the top plate of the multiplate 


' 

) 
4 
. 
t 


i ui GE 
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chamber in roughly a cirele (since most cases are nearly vertical). We can 
then examine the region inside this circle for y-ray induced showers. 
It should be pointed out that in general when only pz, 0 are known the 


Desintegration X >T+T0 


Valeurs adoptees pour les masses 


m=493MeV m,=1395 m7=134 4 
p*= 204.9 MeV/c 


De 
a =006 &=,831 


> nt + n° decay. The « parameter is plotted as the 


i ro wt 
podi An x-e plot for the y RO a 


ordinate and the e parameter as the abscissa. The ellipses represen AN 
primary momentum (p) while the hyperbolas are lines of constant Py oe mes 
decay angle in the rest system of the primary). The angles 6,, 95 are : ee ee 
angles between the primary and the x* and x° respectively. The ratio of the 5 is ae 
from S, and S, to a point in the x-e plane represents the ratio of re a 

n= and 7°. For a complete discussion see reference [5]. 
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calculation of p,, the primary momentum, results in two roots corresponding 
to the charged secondary going forward or backward, with respect to the 
direction of the primary. For the © -decay this is no complication since if 
one predicted neutron path passes through the multiplate chamber the other 
usually does also (*). For the y-, it is frequent that one root will give a cone 
which intersects completely the top plate of the multiplate chamber, while 
the other root will give a cone which only partially intersects this plate (see 
Fig. 3). Therefore each 7° root has been given a maximum weight of 50% and 
each is weighted geometrically according to the fractional area in common 
between the top plate and the y-ray cone. 

In the assumption that all VT were XY + n + x decays, we would have 
had 12 neutrons traversing the complete multiplate chamber or 1.2, for each 
neutron. If the neutron interaction cross-section is taken as geometrie we 
would expect 7.5 interactions. This takes into account the loss due to inter- 
action between the two chambers. We have observed one (see Table III). 
These neutrons in general would have large momenta (> 2 GeV/c) and should 
produce fairly energetic interactions. It is of course possible that some inter- 
actions have not been seen because all ionizing particles from the interaction 
would remain within the 1 cm thick copper plates. Thus our observed number 
could be low and it is not unreasonable that as many as 50% of the V” could 
be X. 

On the assumption that all V decayed as y > 77 + 7° we would have 
had 6 cases in which both roots comple- 
tely intersected the cloud chamber plates 
(i.e. — 100% probability of seeing the y 
shower) and 8 other cases in which one 
root completely intersected, while the other 


Fig. 3. — This is a top view of the first plate 
in the multiplate chamber. Points P and S 
ai represent the intersection of the prolongations 

of the primary and secondary with this plate. 
The points N,, N, represent the intersection of the calculated two neutron paths 
from 2 > n + x- decay, while 79, x? represent the intersection of the 2 7° paths from 
the y' -> m+ 7° decay. The circles around Ti: 7% are the intersections of the y-ray 
cones with the plate. The circle around 79 is a complete intersection while that around 
my is a partial intersection. The 79 part would be given a 50% weight and the 79 a 25% 
weight, i.e. only 3 the area of the circle lies on the plate. The total probability for 

seeing one of the y-rays shown would then be HOV 


(*) We have found only one event in which one root predicted a path through 


the multiplate chamber and the other did not. This case has been neglected in the 
considerations which follow. 
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made a partial intersection. These 8 cases averaged ~ 60% for the detection 
of y-ray showers. We would thus expect to see about 10.8 showers and in 
fact we have observed one (see Table III). This evidence for the y-decay will 
be discussed in detail in the following section. We point out here however 
that again one must always be aware of the possibility of chance coincidences 
arising from 7°’s produced in the same interaction which produced the V -particle. 

There are two other decay schemes which have x secondaries. These are: 


T TE a aT 


The cascade-decay way first observed by the Manchester Pic-du-Midi group [6] 
and later by several other laboratories [7]. It has already been suggested that 
the cascade-decay is a relatively rare decay event among the V -particles. 
This same conclusion is strongly supported by our data. For our 44 V cases 
the A° (assuming every V is a &) had an average path length inside the 
cloud chamber for decay of 30 cm. This corresponds roughly to one decay 
length since the A° would have a mean time dilation factor of three. There- 
fore we would expect about 28 A°-decays within the cloud chamber. Assuming 
one half decayed into proton and 7 -meson, the other half into neutron and 
7°-meson we should see 14 A° decays. In fact in our restricted group we have 
seen one cascade. In all of our photographs we have one other cascade decay 
and in that case the charged secondary (7) of the E° interacted in the plate 
of the multiplate chamber [7]. Our data would then support the view that 
the E -decay process is relatively infrequent among V_-particles (see Table III). 

The other decay mode (7) is difficult to detect directly since it is a 3 body 
decay. However we can estimate roughly the fraction of « among four 
V -particles. We have seen 4 cases which might be 7 > © Liat sa (3) 
Only 2 of these 4 cases are among our group of 1500 photographs. Thus 
assuming a branching ratio of unity between 7 and <'- we would expect at 
most about 2 cases of 7'7 among our V -particles (see Table III). 


5. — Evidence for y ~7 + 7° decay. 


Among our V -events we have one event (No. 39880) which is of consider- 


able interest since it has associated with it two electron cascade showers in 


the multiplate chamber. 

The angle between primary and charged secondary is 20.4 + 0°.3 and 
the measured charged secondary momentum is 3 GeV/c with a standard di 
viation on the sagitta of the measured curvature of 100%. The primary 18 


not measured since it is short. 
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The two showers in the multiplate chamber are consistent in direction 
with the decay point of the V, but as in most energetic events they are con- 
sistent as well with an origin in the Pb block above the momentum chamber. 
The showers have respectively 22 and 38 electrons. We have used the results 
of Hazpn’s (*) analysis of electron showers in the same cloud chamber and 
have found the total energy of the two showers to be (1440-4352) MeV. This 
is of course also the 7° energy. The 7° energy can also be found using the 
opening angle between the showers and the ratio of the number of electrons 
in the two showers. This calculation yields (1445) MeV. These two values 
indicate that these showers most probably result from the decay of a 7°-particle. 

Furthermore within the errors, the primary, charged secondary and the 7°, 
as defined from the two showers, lie in the same plane. This is evidence for 

‘a two body decay. Assuming y° > + 7° we have calculated the Q-value 
to be (188+) MeV. 

In this event we have two showers which show good consistency with the 
hypothesis that they come from the decay of a 7°. In addition, within the 
errors the V-decay is a two body decay and the calculated Q-value is con- 
sistent with the Q-value for the y*-decay. 

It is necessary however to point out that altough this is good evidence 
for the y -decay there are at least two possibilities for misinterpretation: 


1) This event could be a chance coincidence between the V-particle and 
two y-rays produced in the Pb block above the chamber. 


2) This event is very energetic and the possibility that it is in reality 
a V+-event cannot be overlooked. If, in fact, this is a V+ then the momentum 
measurement on the charged secondary particle, which indicated the particle 
as negative with 3 GeV/c momentum, is in error by two standard deviations. 


6. — Summary. 


From our V -events we have the following results: 
1) The majority are energetic. 


2) The majority are short-lived, but there is evidence for some of re- 
latively long lifetime, namely two events, one having lived 4-10-%s and the 
other 10-10-° s. 


(*) W. E. Hazen: The energy of electrons or photons from their cascade showers in | 


copper. Private communication also in course of publication. Hazen finds for 1 em 
copper plates that the energy of a shower is given by E,=24N MeV where N is the 
total number of electrons visible in the shower. We have also used his method for 
calculating the errors. 


— 
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3) A large fraction of V in our data have interacting charged second- 
aries. If we assume that all have 7 secondaries, then it is diffcult to account 

o i sino ? decav se ay 97 TT Ii 
for all V using the four decay schemes y-, 2°, = and 77, even though x» 
could aceount for perhaps 50%. If all were = secondaries, it would appear 
necessary to invoke another decay scheme having a 7 secondary. However 
it seems more reasonable that not all secondaries are 7°s and that in fact there 
are some pu secondaries which indicate decay modes K, and x° analogous to 
Zt x ok = = eae Or 41nk 3 = ee A a 
Bi. and xt. Two events No. 27103 and No. 43597 lend some support to this 
point of view. 


4) One event No. 39880 provides evidence for the y-decay. 


It seems clear that the V-events are again a mixture of decay modes, 
at least as complex as the V*-events. 
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Results on S Events. 


Remarks on Range-Energy Relations. 
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D. O. CALDWELL 


Department of Physics and Laboratory for Nuclear Science 
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At the request of the M.I.T. group, this paper was presented by BB 
GREGORY, who assumes responsibility, for any misquotation of their results. 
In a recent paper [1] it was shown that the S-events obtained in the M.I.T. 
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plate chamber represented decay 
processes of the type: 


K_>T+7 


Ke => | +v. 


The reader is referred to this 
paper for the details of the ana- 
lysis. In Fig. 1 the experimental 
distribution of the stopping points 
of the charged secondaries are 
displayed in a histogram, and 
compared to the predicted distri- 
bution of stopping points assuming 
that all events correspond to a uni- 
que decay mode: 


K>utv4yv. 


The calculated differential mo- 
mentum spectrum F (p) is cor- 
rected for the detection proba- 
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bility of the chamber which favors the observation of stopping points for ws 
in the region of momentum 150 MeV/c. The corrected curve W (p) is clearly 
incompatible with the experimental observation. 


1. — Mass of K_, and K,,. 


In view of setting up a uniform procedure in range measurements for cloud 
chamber data, the mean range of the stopping secondaries was computed 
using the method given by ARMENTEROS et al. [2]. The changes in the values 
of the range limits given in [1] which result from this revision are negligible 
in all cases. The results are summarized in Table I for K_, and Table II 
for Ki. 


Taste I. — Summary of data for stopped secondaries from K_g-mesons. 


as | Mean range IR Momentum (*) | n 
| (gem? of brass) né | (MeV/c) ee 
82203 | 42.4 | 3.3 | 199.8 | 6.8 
92136 | 43.2 | 4.0 | 201.4 8.2 
26110 | 44.6 3A | 204.3 | 6.4 

| 87981 | 44.9 3.4 204.9 7.0 
105596 | 44.9 2.4 | 204.9 4.9 
| Mean | 44.2 1.4 203.5 | 28 


(*) Using the range-energy relation of ARON, HOFFMAN and WILLIAMS. All errors are 


| standard deviations. 


TapLe II. — Summary of data for stopped secondaries from Kyo-mesons. 


Mean range | Momentum 

Event E = | AR Ap 

ag (g cm? of brass) i | (MeV/c) i | 
96787 eae: db 9259 5.9 
85380 75.8 GIS 229.2 | Gali 
103309 lied, 2.9 23153 | 4.8 
92329 TTA) pep 232.6 aoa 
Mean 75.9 1.8 229.3 3.0 

(*) Using the range-energy relation of ARON, HOFFMAN and WILLIAMS. All errors are 
the standard deviations. 


The mean values for the ranges of the charged secondaries are 


Ko R = (44.2 +14)gem* brass (*) , 
K,, R = (75.9 +1.8) gem” brass (*). 


(*) The calculated difference of stopping power between brass and copper is of 


the order of .01%. 
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The quoted errors are the statistical standard deviations and are derived 
from the errors of reconstruction, effects of multiple scattering, and range 
straggling. Another source of error could arise from the fact that one or more 
events could correspond to the decay in flight of a K-particle, and also, for 
the K_ 

The effect on the mean range of possible decays in flight turns out to be 
small in our measurements. The smaller values of measured ranges correspond 
to events 96787, 82203 and 92136 in whieh the charged secondary was 
emitted in the forward direction in the laboratory system. The effect of a 
presumed decay in flight would in these cases tend to reduce the measured 
range. On the other hand the highest ranges measured could be in error due 
to a possible decay in flight (event 92329 and 105596). If one re- 
jects arbitrarily these two events from the data, the effect on the range is 
(— 0.6) for bh and (074 )etor K_,: 

The 5 events of Table I show such a good grouping that the effect on the 


to possible nuclear collision losses of the secondary. 


2) 


mean of assuming one of the 7 secondaries has suffered some supplementary 
nuclear energy loss would be negligible. Nevertheless the error on the mean 
would then be higher, and one may estimate it by suppressing the most accu- 
rate measurement: the error on the range of the K_, would then be +1.7 g cm~ 
ot brass. 

The mass of the K-particle responsible for these two decay modes may 
then be obtained using the following data: 


Particle Rest Energy (MeV) 
p 938.17 
Tr 139.5 
Tuo 135.0 
Ur 105.5 
e 0.511 
Vv 0.000 


and the range energy relation of ARON, HOFFMANN and WILLIAMS [3]. This 
curve is computed assuming a constant ionization potential J — 333.5 eV 
The results are: 


Mass Kr = (943 + 14) m,, 


Mass K_, = (960 + 12) iy 
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2. — Comparison with E.P. data. Effect of the range-energy relation used. 


In view of the similarity of methods used at E.P. and M.I.T. one may 
summarize the results of both laboratories including in the errors the best 
estimate of systematic errors due to the possibility of decay in flight and 
nuclear energy loss (for K_.,). 

The results on the masses are summarized in Table IIT using the Aron, 
Hoffmann and Williams curves for the second column as was done in [1] 
and [2] and a different range energy curve computed with an ionization po- 
tential 377 eV for the third column. 


Taste III. 
| | Mass of primary Mass of primary 
man In = 333.5 eV Ton = 377 eV) | 
| (o em Cu) lieu 2.0") VE ESA 
(Ia) (Mi) 
MIT | Kys | | 
ox: | 75.8 + 1.5 942 + 9 934+ 9 
EP f | Dee == Wo: 9 SE 
MIT Ka | 44.2 + 1.7 960 + 12 955 + 12 
Direct mass | Allevents (22 events) 928 + 20 938 + 20 
measurements | = _ - - e 
(EP) Ky, (6 events) 906 + 31 ole 2 3d 
| | 


The errors on the direct mass are quoted including the possible systematic 
error indicated in [2]. 
The errors on the ranges are computed according to the discussion Mm [2] 
and to the remarks made in the first part of this talk. 
In order to evaluate the variation of the range energy relations for copper 
= 240 È _ 229 F aq anm- 
as a function of I we used the two points: I = 309.9 and I = 333.5 as com 
puted by W. A. ARON, University of California Thesis [4] and Aron, Hor- 
FMANN and WILLIAMS. 


3. — Remarks on range-energy relations. 


It is quite clear from Table III that the main uncertainty in the wa 
of K_, and K,,, lies in the choice of the rae Gueley relations that are usec 
in computing the momenta of secondary T'S or ps. 

The two sets of masses quoted both correspond t 
value of the ionization potential. Since no experimental 


o an assumed constant 
point exists at energies 
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comparable to those at which the curves are used in our mass measurements, 
it is necessary to reexamine the available experimental data at low energy 
in order to see if a reasonable extra- 


Heats pea ge EE ake 34, polation method can be chosen. 
3801; i RI, This study (The Range Energy-Re- 
eta | lation and Masses of the New Parti- 
vai 2 cles, D. O. CALDWELL, to be published 
340F È in the Physical Review) has been 
5 made and gives for copper the results 
300- of Fig. 2. In this figure the ioniza- 
eer 20 20 60 80 100 200 tion potentials in copper for protons 
ei fect Vedi ee E of various energies are plotted. The 
Fig. 2. experimental points are those of SACHS 


and RICHARDSON [5], BLOEMBERGEN 
and VAN HEERDEN [6], BICHSEL and Mostery [7], for the low energy region 
and the measurement of MATHER and SEGRE [8] for high energy protons. 
The aspect of the data shows the following: 
All experimental points at very low energies are consistent with a constant 
Ty, = 377 eV. The only point at high energy gives a value of I, = 310 eV. 
It is therefore clear that the Aron, Hoffmann, Williams curve using a 
constant I, = 333.5 and which has been used both by M.I.T. and E.P. in 
reducing their data is incorrect in that it fits neither the low energy nor the 
high energy determination of /,,- Therefore the values of the masses derived 
from this curve must be affected by a systematic error. It is more difficult 
to predict what best value should be used. If one wants to preserve the same 
shape for the curve (J, = constant) then the best value for the ionisation 
potential is 377 eV and the corresponding revised values of the masses are 
shown by Table III. 
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It would appear that elucidation of the charged unstable particle decay 
schemes by study of the fast V~-events in the magnetic cloud chamber is a 
more difficult and so far less rewarding task than the corresponding studies 
for example in the vary large blocks of stripped nuclear emulsions, where the 
unstable particles and also their charged secondaries may sometimes be brought 
to rest. Nevertheless, the fast V*-events are of some interest in themselves, 
since there is no assurance that the particles so observed are the same as those 
which are stopped in emulsion blocks or multiplate chambers. In the set of 
observations referred to in the previous paper, 14 V* and 19 V events have 
been suggested. In particular, there is evidence for a fast, short lived nega- 
tive component [1]. 

The analysis may be summarized in the following remarks: 


i) Whereas the V+-decays are uniformly distributed throughout the 
chamber and exhibit laboratory decay angles from 5° to 60° (roughly uni- 
formly distributed), the V_-decays are concentrated near the top of the chamber 
and exhibit laboratory angles which are peaked between 5° and 10°. 


ii) In three V+-events, the computed values of p' are (231 + 15), 


(222 + 6) MeV/e and (219 + 8) MeV/c; and are thus consistent with a unique 
222 +5 MeV/c. Although the statistics are limited, the p,-distri- 
ss with a p' of about 220 MeV/c. 


value p' = 
bution also suggests a two-body decay proce 
does noy suggest an isotropic 
p' =222 MeV/c, although the 
definite conclusion. However 
One V-fragment under- 


iii) The p,-distribution for V -events 
two-body decay of a homogeneous group with 
statistics are again insufficient to permit a 
there is one V-event with p'= 140 MeV/c or less. 


goes 7-u decay. 


Or 
Or 
CO 
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iv) The p,-distributions for both V* and V” indicate endpoints in the 


neighborhood of 220 MeV/c (the VT data is compatible with an endpoint of 
200 MeV/c). Thus there is no evidence as yet from these p,-distributions for 
the existence of K-particles with mass substantially greater than that of the 


T-meson. 


v) The Vt-events are entirely consistent with the K, [2]. However, 


some may be examples of the 0* [3, 4] (denoted y+ by the emulsion workers). 


The mass and decay scheme of the short lived V -component are problems 


of considerable interest for future work. 


[1] 
[2] 


[3] 
[4] 
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1. — Introduction. 


The results to be described were obtained by means of a double cloud 
chamber located at the Echo Lake Laboratory of the Inter-University High 


Altitude Laboratories situated in Colo- 
rado at an altitude of 10000 ft. 

The upper chamber, or momentum 
chamber, has been described previously 
at the University College cloud cham- 
ber conference, being approximately 
16" 16" <6" illuminated volume, in a 
magnetic field averaging 5500 gauss. 

The lower chamber, or plate cham- 
ber, is approximately 20° x20" x7" illu- 
minated volume and has contained 7 
lead plates 0.5" thick (through run 176); 
and 7 copper plates of the same thick- 
ness (runs 177 through 241). More 
recently 11 tungsten plates each 0.6" 
thick have been installed. 

The apparatus is shown in Pig, 1. 


9. — Charged V’s. 


From approximately 48000 pictu- 
res, 46 charged V-events have been ob- 
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served, of which 44 could be determined as to sign, of which 22 were positive 
and 22 were negative. In the same runs approximately 300 V’s were observed, 
but are not considered in the present report. 

The quantities measured in the charged V-decays were: P, the primary 
momentum, p the secondary momentum, and 0, the laboratory angle between 
the primary and secondary. Where all three of these quantities could be 
measured satisfactorily, one can calculate the momentum, p*, of the charged 
secondary particle in the center of mass system of the primary particle if the 
mass of the primary and the charged secondary are assumed, Alternatively, 
on the basis of a two-body decay, the Q-value can be obtained if the nature 
of both secondaries is assumed. The measurement techniques used for P, p, 
and 09 have been described in previous reports of the Princeton group. The 
errors in the measured momenta are made up essentially of three parts: measu- 
rement errors, including ‘errors in reconstruction, curve plotting and magnetic 
field measurement; multiple gas scattering; and random distortion due to gas 
motion. For all particles except the slow ones, the random distortion error 
predominates. This was estimated by a direct measurement of proton masses 
by the momentum range method, utilizing both chambers. From 17 proton 
mass measurements in runs 143--176 a systematic distortion curvature of 
— .020m- was found, with a random curvature of + .012 m for tracks 
40 cm long. Improvements in temperature conditions were then made and 
measurements on 13 protons in runs 183—225 gave values of — .10 + .01 m-, 
It was found experimentally that the random curvature error increased in- 
versely with the length of the track and, from no-field measurements, that 
the systematic error was zero for a horizontally moving particle. The quoted 
errors are meant to be probable errors resulting from combining the three 
component errors independently. 

A survey of the data has been made on the basis of the p*-values. 
Although, of course, more events yield p, values (laboratory transverse mo- 
mentum of the secondary) than yield p*-values, nevertheless the advantages 
of the latter are so marked in interpretation of results, that we have restricted 
interpretation of charged V’s to events for which p* could be determined. 

Of the 22 positive charged decays, one was-a 7+>7+t + rt +7 and 
will not be discussed further. Of the remaining 21 events, one appears to 
have a mass greater than 1000 m, by more than two probable errors on the 
basis of a primary momentum of (515 + 40) MeV/e and ionization 2--5 times 
minimum. The p* on the assumption of X+ + m+ + n is (170 + 75) MeV/c. 
One other event had a p* consistent with that of a hyperon and not a K-meson. 
Of the remaining 19 events, 16 allowed a measurement of p, and 13 have p* 
determined to better than 20 percent probable error, shown in Fig. 2. Two 
of these latter could be either hyperons or K-mesons, and 11 can be K-mésons 
but not hyperons, in the sense that when analyzed as hyperons, the p* values 
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differed from those generally accepted by more than 15 probable errors. 
One low p* was found, consistent. with 7, (ie. tt > nt + r0 + 7°). One 
high value (271 + 20) MeV/c was 

found. The last two values have Sl 

been left out of subsequent ana- 
Iysis. Of the remaining K-me- 
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son events, two show evidence aa at 
for 7-meson secondaries. One of “ok 
these, Fig. 3 shows a star in the | ee 
gas made by the secondary. Con- is 
sideration of the laboratory mo- £ 20} 
mentum of the secondary as well = | 3 
e 3 10}- S7 
as the visible energy of the star © oggi 
. . . ; È Es 
indicates that this is not a 7’- > oe Ss 
decay. It has thus been analyzed 2 
si = 
as yt> xt +7 and on this + 
. ¥ 3 È pesta sl, e e =| 
basis leads to a mass (94735) me. 3 ‘ 4 
- 3 / ea! 
A second event already reported — ni e 
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x va imi, ii PI 
and when analyzed as a y° leads if ys ee aoe 
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basis of y-decay is (208+5) MeV/c; 
on the basis of K,,-decay, (om- 
itting the cases of known = 
secondaries) the p*-value is (216 + 8) MeV/c. 
Of the 22 negative decay events, one is the cascade decay H > A°+ 7 
previously reported, givin a Q-value (63 + 9) Mev. Of the remaining 21 ne- 
gatives, 17 allow measurement of Pp, to better than 15 percent and seem to 
indicate a three-body decay distribution. However, p*-values are consistent 
with two-body decay, and the apparent discrepancy is due to the anisotropy 
of decay in the center of mass system for this sample. 10 p*-values are mea- 
sured to better than 35 percent and of these, only two could be known hyperons 
to within 13 probable errors. Of the remaining 8, only one has a value of 
p* below 150 MeV/c. Thus an appreciable number of our V~ samples are 
neither hyperons nor 7’. It is not likely that all seven remaining p*’s are due 
to three-body decay although of course some could represent three-body decay. 
+7° although no strong evidence exists for this part- 
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icle. In fact, the average of the p*-values is high, being (231 + 10) MeV/c. 
Although in general there is uncertainty as to the identification of the nega- 
tive charged V’s, one event is of interest (223-284). This event is not con- 
sistent with known hyperon decay. When interpreted as yy > + 7° it 
leads to a mass (954 + 30) m,. When interpreted as K,, >u + v it leads 
to a mass (790 + 25) m,. Although the possibility x > pu + ? + ? cannot be 
ruled out, we have interpreted this event as y in analogy with ~*. When 
this mass is averaged with the 2 y* masses referred to above, the result is 
(953 + 18) m,. 


3. — S-particles. 


Originally the analysis of the S-events was made on the basis of the Aron, 
Hoffman, Williams curves, which use 11.5 Z as the ionization potential. The 
range energy relationship enters into the calculation of primary mass, whether 
based on 1) momentum-range of primary, or 2) range of secondary. The 
Paris group has pointed out that an error in the range energy curves would 
affect the masses deduced by the two methods in opposite senses. The recent 
work of several authors (BLOEMBERGEB and VAN HEERDEN; CALDWELL and 
RICHARDSON; HUBBARD and MACKENZIE; BICHSEL and MOZLEY) indicates that 
for copper and lead, a more suitable value of J would be 13.0 Z. In particular 
the values of BICHSEL and MozLEYy based on work done at Princeton were 
for copper 12.9 Z, for gold 13.1 Z; corrected for K shell electron effects. When 
this new value of J is used, the range energy curves shift in such a way that 
for a given mass and momentum, the range is increased by 1.6 percent. This 
in fact tends to remove the discrepancy that has existed between S-particle 
masses determined by the methods described above. Reconsideration of several 
values available in the literature has been made with the following results: 

The values of the Paris group were as follows: 


a) (906 + 27) m, for an average of six events measured by method 1, 
where the secondary range was such as to require a u-meson, thus indicating 
a K,-particle. 

b) (928 + 13) m, for an average of 22 events measured by method 1 not 
necessarily all K,,’s, thus indicating an upper limit to the K, mass. 

©) (941 +11) m, determined by method 2 on the basis of nine events. 


The change in the range energy curves reported above results in raising 
masses of method 1 and lowering those of method 2. The new results are then: 


Paris 906 is increased to (915 + 27) ms (method 1), 
923 is increased to (937 +13) m, (method 1), 
941 is decreased to (934 +11) m, (method 2). 
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TapLe I. — Table of mass data. 
Primary ie Secondary Residual 
Event | Primary equivalent I | equivalent momentum 
| | . mass arks 
No. momentum range in Cu, ae range in Cu| of second. Remarks | 
| (g/em?) e (g/cm?) (MeV/c) | 
id Lia SA Pasi A > aa 
| 
60 48915 | 510+30 | 92.243 780+ 90 IA 
16 78902 | 446 +22 52.7+2 | 900+ 80 > 75 Decay occurs above plate. Re- | 
| sidual momentum of primary 
| could be (140420) MeV/c. xt | 
| secondary is possible. Could 
have range ~ 90 g/cm’. | 
35 90728 | 500 +25 88.7 +2.8 | 7804120 = 29 Frequent power failures in this 
run; possible distortion not |. 
| taken into account. Not used | 
| in mass average. 
| | 2 rap sa e 
. ‘ E Possible associated electron. 
7 91603 | 433+30 32002 1100 +150 5 
i 9 | == 972.5 | 2309 u—e decay? | 
| | : . 
42 94370 | 8004-70 |117.8+3.5 ‘1080-4180 63. = 83.2 Best estimate of maximum se- 
| ia sg | so : condary range is 82 g¢/em* Cu. | 
| p* < 240 MeV/c. 4 
94381 | 718+40 |163 +2 | 937+ 80 (31.8 63.7 Secondary enters last plate at 
; | ta ; sas | = i angle > 60° therefore range | 
| | limit could be greater than the 
| | pene parousy value 63.7. 
| = = ee EN 
i = mea | 
| 1 | | IRE goes page fotoni 
99 = +41 +70 E +4.1 Molli | 
96322 426 +23 1 1,5 860750 50.9 1.5 723 upper Schamber, but cannot tell 
or 59.4 | whether it goes through vertical 
couentr wall between chambers. 
Final range of secondary is bet- 
| ween 68.4 and 76.9 g/cm? Cu. 
| Cannot be a x unless have 
| x ->u decay in flight. 
30327 Del 
| e - 
31445 | > 27 
| > Si 
38218 | eo? 
(es. ri 
62721 | | >25 | 
| | a ee 
= = | | = 
48942 | | 40. S10 1254 
— | il rt tS 
53699 i? 12.4 
64608 © |e 30 
+ i ea 
80403 | > 19.7 
90301 | | | > 38 
2! | | = a = ii 
| 
98608 69.42 87.8 
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We have observed to date seven S-particles passing through the momentum 
chamber and stopping in the lower chamber. One of these was obtained with 
lead plates, three with copper, and three with tungsten. The momentum cali- 
bration was made with reference to the protons referred to above. One of 
the particles was observed in a run during which frequent power failures left 
uncertainty as to temperature conditions, and has been omitted in the analysis. 

Nine other S-events were observed in which the primary did not pass 
through the momentum chamber. 

The individual events for S-particles allowing a momentum range measu- 
rement are shown in the Table I. The average-of the masses, using the Aron, 
Hoffman, Williams range energy curves is found to be (900 + 38) m.. 
Corrected for the new value of J, this result is (909- 38) m,. In two of the three 
events ot served with tungsten plates, the secondary stops in the bottom cham- 
ber, and in the third it escapes into the momentum chamber. The bracketed ran- 
ges are: 1) 63.0--83.2 g/cm? copper equivalent, with an estimated best value for 
the maximum of 82 g/cm? corresponding to p*< 240 MeV/c and M < 990 mi; 
2) 31.8--63.7 g/cm? copper equivalent, where, however, the secondary entered 
the last plate at an angle > 60° and the straight through value given is not 
a good maximum value. However, careful range analysis similar to that of 
the Paris group has not yet been undertaken for the present data. In the 
case where the secondary appeared in the momentum chamber the result is 


not very sensitive to the range energy curves since a residual momentum can 
be measured. In the case of event 244-96322 the primary mass was measured 
to be (correcte) (869*%)) m,. However, in passing between the chambers the se- 
condary came near a vertical counter wall so that due to even the slight error 
in reconstruction in space it is not possible to know with confidence the range 
of the secondary. The measured residual momentum is (117 + 3) MeV/c, and 
the intermediate equivalent copper range is either (50.9 #17) or (59.4792) g/em? 
depending on whether the secondary either completely missed or went all 
the way through the counter wall. In any case a comparison of direct mass 
and minimum range is good evidence for a w secondary. 

In event 161-48942, shown in Fig. 4 the primary was not seen in 
the momentum chamber, but the secondary did go through the momentum 
chamber and reconstruction in space showed no uncertainty as to counter 
wall interference. Here the intermediate range was (40.8 + .7) g/em? copper 
and residual momentum (147 + 3.5) MeV/c. Thus by method 2 the mass of 
the primary (912 + 15) m, corrected for the new range energy relationship 
((915 + 15) m, uncorrected). 

Only one photon associated event has been observed, and the secondary 
escpaed from the chamber after a potential range of 38 g/cm? copper. 
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Birkbeck College, University of London 
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Physics Department, University of Manchester 


1. — Introduetion. 


In view of the discrepancy between the results on slow negative heavy 
particles observed with the Jungfraujoch Magnet Cloud Chamber by ASTBURY 
et al. (1953) and the findings of other groups, we have undertaken a further 
search for slow K -particles which do not decay in the chamber. 


2, — Experimental methods and results. 


The apparatus used was the magnet cloud chamber previously described 
by ASTBURY et al. [1] and NEWTH [2]; it was modified by the insertion 
of a 1.25 cm copper plate. 13000 photographs taken with this arrangement 
were searched for tracks of negative particles in the momentum range 1 to 
4-108 eV/e showing ionization greater than twice minimum. Such tracks were 
chosen for measurement if (i) their projected length exceeded 10 cm, (ii) they 
were of uniform curvature and (iii) when projected, they intersected with a 
nuclear interaction to an accuracy of 0.5 em. Only interactions lying within 
6 em of the illuminated volume were selected for this purpose. 

We have found five tracks satisfying these criteria. Two reproject with 


(*) Now at the Physics Department, Imperial College, London, S.W.7. 
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events in the copper plate and three reproject with possible origin in the lead 
wedge above the illuminated volume of the chamber. Full details of the events 
will shortly be published elsewhere. 


3. — Interpretation. 


a) Spurious Events. — To investigate the possibility of a chance coinci- 
dence between an upward going positive particle with a nuclear interaction 
in the production layer above it, the flux of such particles was determined. 
From this figure the expected number of chance coincidences with nuclear 
interactions has been calculated for the upper and lower halves of the chamber. 
Tt was found that 13000 photographs may show one such spurious event 
from the lead wedge, while only 0.2 would be expected from the copper plate. 


b) Rate of Genuine Events. — In view of these results we have in the 
first instance ignored the tracks coming from the wedge; one event showing 
two negative tracks is described below in Section 5. We believe, however, 
that at least one of the negative heavy tracks coming from the plate represents 
a genuine event. 

On the basis of this figure we have compared the number of slow negative 
heavy particles to that of slow protons selected by the same criteria. From 
the examination of 1000 pictures we estimate that 1070 + 130 protons from 
the plate occur in 13000 photographs. 

We therefore have for the observed ratio of negative K-mesons (momentum 
range 1 = 4-10* eV/c) to protons (momentum range’ of 1 —5-108 eV/c) 
K /p~ 1/500. Our best estimate of this ratio assumes an overall scanning 
efficiency of about } for slow negative tracks and efficiency of unity for the 
slow protons. Hence we arrive at a probable value of the ratio K /p— 1/250. 
The upper limit of the ratio at the 5% confidence level is 1/80, assuming the 
scanning efficiency was as low as 30%. 


c) Lifetime of the K -Particles. — If we assume with ASTBURY et al. that 
the slow non-decaying negative particles can be identified with slow V -part- 
icles fitting the same criteria we find that the approximate lower and upper 
limits of the lifetime at the 5% level of confidence are 10-? s and 10-75 res- 
pectively. So, contrary to the conclusions of ASTBURY et al. [3], the lower limit 
obtained by us is no greater than that found by BUCHANAN et al. [4] for 
V -events. Furthermore we think that the assumption of ASTBURY et al., 
that + -mesons will be rare in among the non-decaying K -particles can no 
longer bu justified, and that the method of estimating V~ lifetimes with the 
aid of non-decaying particles is therefore unsound. 


en 
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4. — Comparison with other work. 


The upper limit of the K /p ratio set by us is compatible with the results 
of ARMENTEROS et al. [5] and DAHANAYAKE et al. [6]. Because of the uncer- 
tainty of our best estimate of this quantity we consider that a value of 
~ 1/2000, derived from the results of DAHANAYAKE et al. and CECCARELLI 
et al. [7], is more significant. 

Our result contradicts the earlier findings of ASTBURY et al. [3]. We have 
therefore re-examined the tracks used by them and find that only two of their 
ten examples satisfy our more stringent criteria. This correction would bring 
their result into line with our own and other published data. 


5. — Other events. 


We also draw attention to three unusual events found in our search which 
we cannot at present interpret with any confidence. 

Event SQ 1437 shows two tracks which are negative if going downwards 
and which reproject to a common point in the lead wedge. Both tracks dip 
steeply and their ionization-momentum data are compatible with those of 
protons or K-mesons. There are no other associated particles. 

Events SF 992 and SJ 538 each show a slow heavy particle which is nega- 
tive if going down; and each of which appears to be associated with a single 
fast track from the plate. The data for these events are as follows: 


p (units of 10% eV/c) BK, Reprojection 
SF 992 slow 2.04 + 0.10 5— 8 good 
fast 1.54 + 0.15 1 
SJ 538 slow 1.75 + 0.10 6--12 moderate 
fast 2.5 = 0.5 il 


We consider it possible that these events may be upward K'-particles 
decaying at rest in the plate (S-events). 
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1. — Introduction. 


Tonization measurements made by the method of counting individual drops 
forming tracks in a cloud chamber were used in combination with momentum 
measurements to establish early values of the mass of the y-meson [1]. Such 
measurements with notable improvements in technique [2, 3] have proven 
useful in studying characteristics of heavy mesons and hyperons. 

A cloud chamber and magnet apparatus used to obtain stereoscopic photo- 
graphs of interesting particles produced by cosmic rays has been described 
in detail elsewhere [3]. The cloud chamber is in an average magnetic field 
of 7500 gauss. Helium at a pressure of 1.4 atmospheres is the filling gas, 
and a liquid mixture of two-thirds aleohol and one-third water provides the 
condensible vapor. A volume expansion ratio of 1.08, which gives good track 
formation, results in an average drop count from a minimum ionizing track 
of twenty drops per centimeter. The magnification factor from the film to 
the back plate of the chamber is 13.7. The average track width and drop 
image diameter on the film are 110 and 10 microns respectively. With this 
experimental arrangement the maximum detectable momentum is 40 GeV/c. 
Relative ionization measurements on a full length (40 em), minimum track 
have a minimum probable error of 5 percent. The momentum and ionization 
analyses used, some techniques of chamber operation found to be necessary, 
and an example to illustrate accuracy of measurements are given in reference [3]. 


(*) Supported in part by the joint program of the U.S. Office of Naval Research 
and the U.S. Atomic Energy Commission. a I 
(+) On leave of absence from the Laboratoire de Physique, Ecole Polytechnique, 


Paris. 


570 Ww. B. FRETTER, E. W. FRIESEN and A. LAGARRIGUE 


Recent improvements that have been made in the measurement of the rela- 
tive ionization of tracks are presented in the appendix of this paper. 
Approximately 30000 photographs of cosmic ray events selected with a 
penetrating shower detector have been taken. The photographs have been 
scanned for charged and neutral particles that decay in flight, and for non- 
decaying particles of length greater than 15 cm in the approximate range of 
ionization 1.8 to 6 times minimum. Quick measurements of momentum and 
ionization are made on all non-decaying, above-minimum tracks in the search 
for particles of mass different from the proton mass. The momentum is esti- 
mated by matching one of a series of lines ef known radius of curvature to 
the track on the film and combining this information with a knowledge of 
the magnetic field. The ionization is estimated by the scanner after com- 
paring aboveminimum tracks and neighboring, near-minimum tracks under 
high magnification in which the individual drop images are resolved. The mass 
is roughly determined from a relative ionization curve and calculation. When 
an event of potential interest is found, measurements of ionization and mo- 
mentum are made as described in reference [3] and in the appendix. 


2. Mass measurements of K-particles. 


Tonization measurements on tracks from K-particles that do not decay 
in the chamber are used with momentum measurements to find individual 
mass values. The quick estimates of ionization and momentum used in our 
scanning procedure and described earlier, are sufficiently accurate in most 
cases to distinguish tracks made by non-decaying K-particles of mass appro- 
ximately 1000 m, from proton tracks, provided that the ionization is from 
1.8 to 6 times minimum and that the track length is greater than 15 em. The 
scanning efficiency for possible K* tracks decreases rapidly for particles of 
mass greater than 1300 m,, and is zero above 1500 m,. 

Tables I contains measurements and results from 15 tracks produced by 
particles whose mass appeared lighter than that of the proton in the original 
scan. The first group of 11 particles appear to be positive K-particles and 
certainly different from protons. The average mass of these non-decaying 
K-particles is 933 m, with an estimated statistical probable error of + 20 Me 
and a possible systematie error of 4 15 m,, calculated from possible syste- 
matie errors in ionization and momentum as discussed later. The average 
mass of this group of K-particles, all of which lived longer than 10-9 8, 
is compatible with that of the 7-meson. Mass measurements also were made 
on 41 above-minimum tracks selected for use in the ionization analysis. In 
the original scan the tracks were judged to be due to protons. The average 
mass of this group is (1813 421) m, (internal ‘consistency) and + 16 ID 
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(external consistency). Details of these measurements, together with a dis- 


cussion of the errors, are given in the appendix. 


TABLE I. — Measurements on 15 tracks produced by particles whose mass appeared lighter 
than that of the proton in the original scan. Track 22010 is probably a proton 


| Event Sion Length Ie ea Mass 
No. . 2V /e [È mi ) | 
| ie (cm) (MeV/e) e/~ min | (m,) 
39342 - 15.0 270 + 41 2.20 + 0.20 738 + 135 
24178 — 4 + 30.6 3944 7 2.11 + 0.12 860 ai 49 
23791 -—4 =e 29.6 sla i 2.21 + 0.12 8634 45 
37633 — 1 + 18.4 166 + 6 5.72 + 1.35 871 * 135 
26252 — 2 + 28.0 322+ 8 2,28 + 0.14 887 + 53 
25524 — 2 Sl 15.2 185 + 5 5.00 + 0.81 894 + 94 
31277 —1 + 27.7 390 + 10 1.92 + 0.12 918 + 62 
31117-1 + 31.3 379 8 2.12 + 0.18 967 + 76 
28947 — 1 37 23.6 358 + 10 2.30 + 0.16 990 + 65 
| 25319 — 2 == 36.2 228 == 0 4.36 + 0.35 1010 + 58 
| 34565 — 1 == GX) 315 + 22 3.51 + 0.37 1200 + 120 
32002 = 21.7 437 +14 2.27 + 0.23 1200 + 105 
| 38160 Ù 25.1 442 + 13 2.40 + 0.17 AU? ate 8h) 
28549 2 19.0 $81 +4 2.95 + 0.23 1290 + 80 
| — = - — — — —— - — = — — — 
22010 + 14.5 494 + 19 3.29 + 0.29 15 5.005 


Event 32002 appears to be negative since it has a probable origin in a 
nuclear interaction in the lead above the chamber. Little can be said about 
this single negative K-particle except that its measured mass of (1200 +-105)m, 
is slightly more than two probable errors from that of the 7-meson. Events 
38160 and 28549 contain particles of unknown sign because the tracks were 
transverse with no origin indicated. A track in event 22010 was selected as 
being due to a K-particle in the original scan, but subsequent measurements 
(1550 +115) m,. This track is counted with the proton tracks 
used in the ionization analysis. We conclude that approximately one percent 
of the positive particles (mostly protons) with track lengths greater than 15 cm 
and with ionizations between 1.8 and 6 times minimum are K-particles, and 
that negative K-particles in the same category occur much less frequently. 


gave a mass of 


3. — Results from charged particles that decay in flight. 
different from L-meson 


12 positive and 11 negative particle decays, 
Tonization measurements 


decays, have been observed in the cloud chamber. 
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TABLE II. — Measuré 


Time | Available time Primary Primary Primary) 

Event of flight of flight ionization momentum mass 

| (in 10-10 8) (in 10-10 8) Usi (MeV/c) ak (Me) 

13266 (*) 0.6 9.4 ANQeenlen 305 + 60 128028 
1093 | 090) 410 | CLO <= Sa 
7 39883 se 1.8 : vie. 24 et 520 + 52 mie 827 + 150 827 +1 
38177 3 2 - È Deo I 1.67 + 0.17 \ 405 n 100 zl 8344 % 
ano | se Ne AL 
3040 | 40 | 88 | 2884026 | 2944 64 | 9075-00 
34385 | 46 resi 732 nr Si 970+319 
29701 5.5 12.6 1.57 + 0.12 5514. Sì 1060 +1 
33498 | 6.5 17.2 2.13 + 0.22 | 3864 14 994 +4 
40572 ea pre Re 1.48 + 0.12 | 589 +95 | 1047 + 
11061 (*)|- 11.1 “| 161 | 2144030 | 2394 9 | 76 +% 
Die al e a 


| (*) Poor drop images. 
(*) Particle decays outside the fiducial surface. 
(~) Maximum values obtained by assuming a primary ionization < 1.6.minimum. 


have been used in the analysis in several ways. First, direct primary mass 
determinations are possible in some cases, as in the previous section; second, 
L-mesons can be distinguished from electrons as the charged secondaries in 
many cases; third, the momentum of the secondary particle in the rest frame 
of the primary particle, p*, often can be determined without hypothesis about 
the mass of the primary particle. Mass measurements and determination of 
sign can be made on charged V-particles with time of flight between 3-10- g 
and 2-10~* s. Tables IT and IIT contain measurements and results that pertain 
to the positive and negative charged particle decays respectively. 


3'1. Mass determinations. — Differences in the decay characteristics of V+ 
and V~ particles already have been noted [4, 5]. Ionization measurements 
give additional information on this point. Ten out of twelve positive events 
yield primary mass values and all ten are K-particles. The average mags is 


tive V-events. 
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mndary | Secondary Saree 
zation momentum siii eas) | Du 
e) (MeV/c) eres) identity (MeV/c) 
i ; uM 265 == 6 : a == 1 () > 23948 

= SAS 289 + 21 ; ie +4 L-meson | Pp = 228 + 21 

a = = 2 ie 2 "€ 

+ 0.10 414 + 21 33.2 + 1.0 i Ù y 235 + 26 

+ 0.08 787 + 42 153510 L-meson | 240 +18 

= = = ssa a ? 

+ 0.10 550 + 32 DX OLIO L-meson | 2005219 
) + 0.08 263 + 7(+) m = 270 + 70 | Primary mass = 

5 0.13 167 4 (—) = m = 392 +70 978 + 20 

+ 0.16 155+ 5(4) m= 365 +45 | from measurement 

(Me) on secondary particles 

+ 0.10 450 + 10 17.6 + 1.0 TL,-meson 232 + 16 

+ 0.10 429 + 73 20.4 + 1.0 L-meson | 186 + 22 

= = = = - een — |— = 
» + 0.20 309 + 13 34.8 + 1.0 T,-meson | 190 + 11 
7+ 0.14 1425 + 64 12.2 + 1.7 IL-meson Pp = 276 + 43 
972 m, with statistical errors of + 54m, and +23m, from internal and 


external consistency respectively. The other two primary tracks are so short 
that neither momentum nor ionization measurements can be made. The measu- 
rements show a large proportion of K*-particles in the observable V*-events. 
There may be a small proportion of Y*-particles, although none has been 
identified. 

In contrast, among the negative particles, only four out of eleven permit 
sufficient measurements for a primary mass calculation. The average velocity 
is greater and the visible time of flight is smaller than for the V+-events. 
(The relative ionization is a measure of the velocity of a particle. For the 
V -particles the average ionization is 1.5 times minimum; while for the 
V+-particles it is 1.8 times minimum). These observations are in agreement 
with a previous suggestion of a shorter-lived component in the V -events than 


in the V*-events. 
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TABLE III. — Measure 
Time | Available Time | Primary | e | Primar, 
Event of flight of flight | ionization momentum | mass 
(in 10-19 8) | (in 108) | Galen, | (MeV/c) | (me) 
21302 | (© | 2.8 (-) Po Hypero 
| = ee 3 
40767 1:3C) | 13.6 (-) ~1 = : ? 
32346 CoA Rea 1 = ? 
12664 1.9 | DID | 1.63 + 0.22 1440 +30 | 29507 fap 
| | 
38919 DE | 10.2 | 1.24 + 0.14 846 + 370 | 11652324 
11304 (*) | 2.46) | 10.4 (-) | ZI | = | ? 
22315 | 2.5 | A | 1.234013 | 19104399 | 25801190 
Rev ERG) mal ~6000 | ? 
| | | | | a 
| 12494 | Dez | DO | 2.66 + 0.24 | 367 + 37 | 1150 +1 
25065 | (+) | cd) | 2594047 | = | ? 
| | | | | 
| | È | | na 
34499 | (+H) (-) | a | a | ? 
(*) Poor drop images. 
(+) Particle decays outside the fiducial surface. 
() Maximum values obtained by assuming a primary ionization < 1.6.minimum. 


Two of the mass values, from events 38919 and 12494 (Table III) appear 
to be K-particle masses. The other two primaries, events 22315 and 12664, 
are probably negative hyperons since the primary tracks are somewhat above 
minimum ionization and are of sufficient length so that meaningful errors on 
the momenta can be specified in terms of no-field track measurements. The 
mass values are 25807%) and 2950*®., electron masses respectively. The 
secondaries of both were identified as L-mesons by ionization measurements 
(see below). On the assumption that each particle decays into a 7--meson 
and a neutron the average Q-value is (121 + 11) MeV, in good agreement 
with the value found in nuclear emulsions [6]. Although we cannot exclude 
K-particles, the reasonable assumption is that these two events are XY -decays 
since the p*-values are too high for &--decays. Life-time measurements in 
emulsions [7, 8] indicate a short mean life compared with 10-5 s for the S* 
particles and the short lived component among the V -events could be ex- 
plained by the presence of an appreciable proportion of x" -particles. 
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jative V-events. 


condary | Secondary | 
lization momentum Decay angle Secondary | pù 
e i) (MeV/c) (degrees) | identity | (MeV/c) 
1+ 0.09 11+ 3 ~ 71° m = 264+ 18 for a & particle 
(me) | Q=66+6 (MeV) 
5 + 0.08 326 + 12 37.8 + 1.0 L-meson oo 
4 + 0.12 900 + 75 a poms Up oa 
9 + 0.10 448 + 13 20.3 + 1.0 L-meson for a DE VI 
o + 0.08 848 + 32 13.5 + 1.0 L-meson | agate 
3 890 + 36 135 10 ? RS 
9 + 0.08 550 + 16 Pin += 14) L-meson | fora >> pace 
|. @=145 +21 
E Ze DI; pl | aa 
(*) 315 + 24 16.0 + 2.0 ? | 14418 
6 + 0.12 189 + 10 64.6 + 1.0 i = 0.03 | 176 + Vl 
IT, = 1.28 + 0.04 | 
11.0 + 1.0 L-meson i Pp era ot 


5 + 0.12 1120 + 54 


In conclusion, our measurable charged V-events can be interpreted in the 
following way: The V+-particles are K-particles almost exclusively; and the 
V--particles are K™ and Y -particles in comparable proportion. 


3°2. L-meson secondaries. — The lack of electron secondaries is demons- 
trated in Fig. 1. The relative ionization curves as a function of momentum 
are given for electrons, r-mesons, and p-mesons. The experimental points, 
from measurements on secondaires listed in Tables II and III, are plotted for 
oints above the electron curve are for particles ob- 
events 29701 and 21302 in Tables II 
daries that are ~-mesons from other 
with single charged secondaries, 


comparison. The three p 
served in a t*-decay and a = -decay [9], 
and III respectively, and represent secon 
evidence. All other examples are from events 


and are L-mesons with high probability. 
Electrons have been observed to emerge from the stopping points of 


K+-particles in emulsion [10]. We have observed no electrons as decay pro 
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ducts of V*-particles, and have calculated that there is a probability of 0.7 
that the average number of electron secondaries of K*-particles decaying m 
flight is less than 20 o, of the total number of secondaries. 


A fh 
(x min.) 


2.0 


ELECTRON 


TT MESON 


ST MESON 


MOMENTUM (GeV/c) 
I I I 1 I | i | J 
01 0.2 04 O06 O8 1,0 2.0 40 60 80 10 


Fie.B1.- Ionization and momentum measurements on secondaries of charged V-particles 


È 3°3. Calculations of p*. — Various p* calculations were done for the charged 
V-particle events. Values of p* were calculated from the velocities of the 
primary particles determined from ionization measurements, the secondary 
momenta, and the decay angles. The secondary particles were assumed to 
be u-mesons. The p* results are given in Tables II and III for positive and 
negative events respectively. Calculations of p* were also made from velo- 
cities of the primaries determined from the measured momenta and assumed 
mass of the primaries. For Kj, [11] and y+ [12, 13] particles with » and 
m-mesons as charged secondaries respectively, the p* results differ by less 
than 7 percent from those given and therefore are not listed. 

The values of p* for the positive events range from 186 MeV/c to 239 MeV/c, 
with an average individual probable error of 15 MeV/c. All events in which 
p* can be calculated are K-particle events. The two well-known charged 
K-particles, Ki, and yt, have p*-values of 235 MeV/c and 205 MeV/c res- 
pectively, for a primary mass of 965 m,. We conclude that we cannot dis- 
tinguish Kj, from y*-particles by our measurements of p*. 

Events 12494 and 38919 are of interest as examples of negative K-part- 
icles decaying in flight. The primary masses are (1150-+140)m, and (116544 


2460) Me, 
respectively. The measured values of p* for these events, assuming u-meson se- 
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condaries and primary velocities determined from ionization, are (174--18) MeV/c 
and (294*?) MeV/c. Event 25065 has a secondary that is probably a u-meson 
from its momentum and ionization. Since no known hyperons decay into 
u-mesons the primary is likely a K-particle. In any case its measured p* of 
(17671) MeV/c is in poor agreement with that for a negative K-particle that 
might correspond to the K,, or y-particle. 

Thus we have three negative K-particles, one non-decaying and two de- 
caying, whose average mass is (1180 80) m,. The two decaying particles and 
an additional one with a probable u secondary have measured p*-values that 
are not in good agreement with the negative counterparts of the K,,, or y-part- 
icles, but the errors are large. 


4. — Mean life of positive V-particles. 


The method given by BARTLETT [14] has been used to estimate a mean 
life of the positive decaying V-particles seen in our chamber for comparison 
with other results, even though this group may contain more than one type 
of V-particle. In making this calculation we use the time of flight data for 
the eleven positive V-particles that decay inside the fiducial surface. Ten 
out of eleven of these have been identified as K-particles, and it is reasonable 
to assume that the other one is also a K-particle. We cannot, however, separate 
the K-particles according to their decay schemes, but we calculate the mean 
life assuming that it is the same for all positive K-particles. Essential inform- 
ation for this calculation is 
given in Table II where the 
actual time of flight, t,, and 
the available time for decay, 
T;, are listed. These times 
were measured from an imag- 
inary fiducial surface 5 em 
from top and bottom, 7 em 
from each side, and ills ern 
from the front and back of 
the chamber. The function 
S(t;, T;, 0), equation (4) in 
BARTLETT’s paper, is plotted 
against 1/0 for assumed va- 
lues of 1/6 =0, 0.5, 1.0, and 
29.0-:109s in Fig. 2. The 
mean life that has the maximum likelihood is 0= (6.772):10-* 8 where the 
life is compatible with that mea- 


Fig. 2. — Lifetime estimate graph for positive 
V-particles. 


errors are probable errors. This mean 
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sured by other observers [15-18] for K-particles observed under varying 


circumstances, but is somewhat longer than the lifetime reported by G. 
T.- REYNOLD [19]. 


5. — V° results. 


Table IV contains measurements of the momenta of positive and negative 
fragments and the decay angles for two categories of neutral V-particles. 


TABLE IV. — Measurements on neutral V-events. 
| Q pr PT | Decay angle 
Event | (MeV) (MeV/c) (MeV/c) | (degrees) 
AZIO 216 + 15 1305 + 63 1961 + 130 | 14.5 + 0.5 
17387 247 + 20 1380 + 110 528 + 27 28.6 + 1.0 
20226 | 234 + 20 553 + 32 973 + 104 | 34.3 + 1.0 
20648 211 + 18 587 + 34 184 + 25 69.0 + 1.0 
Mea oa 309 + 10 1504 + 120 | 295 +10 
| 24441 | 214 + 17 1526 + 90 510 + 16 24.6 + 1.0 
25806 217 + 7 47.5 + 2.9 865 + 26 50.4 + 2.0 
27028 237 + 28 1012 + 40 1484 + 140 20.7 + 1.0 
27604 295 + 26 928 + 82 1170 + 51 27.9 + 0.8 
28340 114 + 18 1960 + 150 907 + 46 10.9 + 1.0 
31755 231 + 11 3044+ 8 742 + 33 OL = 1.0 
40001 244 + 13 1448+ 3 1492 4+ 87 31.9 + 1.0 
41964 207 + 9 174 + 16 1288 + 50 31.8 + 1.0 
| 
| oe (222.6 y {3.7 “Gnt. ma) MeV 
~|3.2 (ext. cons;)j ~ 
9933 | 36.6 + 2.5 476 + 15 206 + 6 | 22.5 + 0.5 
(12784 | 25.7 + 5.5 6027) | ee, $964 22070 
| 13940 | Bie te TET ial eB | NE) | 34.3 + 0.5 
| 18320 37.2 + 3.2 | 1050 + 50 | 103 + 3 | 47.9 + 1.0 
| 20912 | 40.2 + 3.2 | 1179 + 49 | 73 + 1.6 43.8 + 0.5 
21765: RITO 5524-99 | del =. 42 46.7.4 1.0 
22875 | 33.6 + 2.8 | 850 + 11 | 193 =. 4 35.38 + I 
34082 33.9 + 2.5 | 880 + 42 | 110 + 5 51.4 +1 
41497 | 37.0 + 2.9 | 1206 + 49 11255 == 2.3 41.2 +1 


È ; 0.8 (int. cons.) 
At = (55.9 ee I 4 
7, ( 110.6 K(oxt He SEE 


CLOUD CHAMBER IONIZATION MEASUREMENTS 579 


Events are listed only if their errors are such as to make their weight greater 
than 1/16 of the weight of the most accurate measurement. 

The first group contains events that probably are not A°-particles for one 
or more of the following reasons. 


a) The positive particle clearly is not a proton from ionization and 
momentum measurements. 


b) The negative momentum is greater than the positive momentum, or 


c) The values of x and p, are more than two probable errors from the 
curve in the «-p, plot [18] for the well-known A°-particle. 


We have made no measurements to determine the nature of the fragments 
except for event 25806 where the positive fragment was identified as and 
L-meson. All except event 28340 are compatible with the 0°-particle. Q-values 
for this group of particles, excluding 28340, have been calculated on the 
basis of a 6°-decay scheme and are given in Table IV. The average value is 
(222.6 +3.7 (3.2)) MeV. The probable errors are by internal and external con- 
sistency respectively. Our (Q-value is in agreement with that measured by 
THOMPSON et al. [20, 21] as (214+5) MeV. We note that the average primary 
momentum of our group of §°-particles is 1.5 GeV/c: that of THOMPSON’S group 
is 3.0 GeV/c [22]. Event 28340 has an anomalous Q-value of (112-+18) MeV 

The second category contains events for which momentum and ionization 
measurements on the positive fragment are consistent with the tracks being 
made by protons. The assumption that these events represent A°-particles 
yields a corresponding calculated Q of (35.9--0.8 (0.6)) MeV in good agree- 
ment with previous results reported [23]. 

We have considered possible systematic errors in the measurement of mo- 
mentum and in the overall measurement technique. The no-field track measu- 
yements indicate no systematic error in the curvature measurements. A pos- 
sible systematic error exists in the magnetic field measurement which was 
done ober the entire volume (1400) points of the chamber originally, and 
subsequently checked twice with great care at points in all four quadrants. 
The last two measurements agreed to 0.1 per cent but their average was 
lower than the original determination by 1 per cent. All momentum measu- 
rements given and used to obtain results presented in this paper are from cal- 
culations using the original magnetic field measurements lowered by one per 
cent. We are confident that the systematic error in the last two measurements 
ig less than one per cent. A magnetic field measurement that is high by one 
per cent gives Q-values for our two groups, 00 and A°-particles, that are high 
by 2.7 MeV and 0.7 MeV respectively. 
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To make an additional check on possible systematic errors, measurements 
have been made on three x-u decays, where both particles were identified 
L-mesons to eliminate u-e decays. These events yield an average momentum 
of the u in the rest frame of the x-meson of (29.9+0.4) MeV/c. The cal- 
culated value is 29.5 MeV/c for a u mass of 207 m, and a 7 mass of 272.5 m,. 

The A° and r-u measurements give us confidence that the general effect 
of systematic errors in momentum and angle determinations on ()-values and 


p*-values is probably less than two per cent. 


We are indebted to G. KePLER and T. AGGson, who made many of the 
laborious and exacting measurements included in this report. "The continuing 
support of Professor R. B. BRoDE is gratefully acknowledged. 


APPENDIX 


Ionization analysis. 


The ionization analysis has been developed to give the ionization of inte- 
resting tracks relative to the minimum level. Because the useful minimum 
level of ionization varies with expansion ratio between extremes of 14 and 
24 drops per cm, it is necessary to count one or more comparison tracks, usually 
near minimum ionization, in addition to the interesting tracks in each event 
analyzed. Thus the drop count in drops per em N,,, and the minimum level 
in drops per cm N, have to be determined for each interesting event, and 
from these the relative ionization is calculated. In the measurement of relative 
jonization we must consider both systematic and statistical errors. 


A) Systematic errors. — The relative ionization, J, is not the simple 
ratio N,/N, because a systematic error is present in N,, that comes from the 
increasing overlapping of drop images with increasing ionization. This overlap 
error is negligible for minimum tracks as will be seen. Also N, and N, may 
be measured in regions of the cloud chamber where the efficiency for drop 
condensation is different. The gradient in drop density is particularly prominent 
in the vertical direction and causes a further systematic error in I. We have 
designed corrections to compensate for both of these effects from measurements 
on selected tracks: 41 were above-minimum proton tracks chosen from appro- 
ximately 1500 such tracks seen in the cloud chamber, 48 were near-minimum 
comparison tracks, and 6 were full length u-meson tracks. The above-minimum 
and near-minimum comparison tracks usually were taken from events in which 
several of each kind were measurable. 

The drop overlap correction was obtained in the following way. Each 
proton track has associated with it measurements of V,,,.N, and P, the mo- 
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mentum. The average vertical coordinates of the proton and minimum-level 
tracks were chosen approximately equal to minimize the gradient effect. An 
expected drop count V,, which is not subject to any systematic error from drop 
overlap, is calculated from P, N, and the known mass of the proton. Values 
of N, are plotted against corresponding values of N, N, for all the measured 
protons. Within the precision of measurements these points are adequately 
represented by a straight line on log log paper. The position and slope of this 
line were judged visually to give the overlap correction curve A shown in 
Fig. 3. For a drop count N,, this curve gives an average correction AN = 
— 2.7-10-7 N4®* that is added to N,, to give the corrected drop count N,. 


207 
| peal (Kops 
| Ve No (cm? 
rl eta ! ! L 
0.5 1.0 2.0 5.0 10 20 50 100 


Fig. 3. — Drop overlap correction curves. Curve A is the curve actually used. 


Thus N, = N, + AN. A near-minimum track with a drop count of #25 drops 
o N nt i if 
per cm requires a correction of about 1 percent; for 75 drops per cm the cor- 

rection is about 30 percent. 
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Fig. 4. — Drop gradient in the cloud chamber. 


ted in Fig. 4. The points on this graph 
f height in the chamber were obtained 
divided into four sections from top 
h section measured by two ob- 


The drop gradient effect is illustra 
of average drop count as a function 0 
from the six u-meson tracks. Each was 
to bottom and the average ionization in eac 
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servers. The average relative ionization of the six tracks was 1.20 and the 
average drop count was 24.8 drops per cm for observer I. The points of ob- 
server 1 were fit by least squares to a straight line. The resulting gradient 
was 0.4 + 0.03 percent per em for a minimum track. The gradient determined 
by observer 2 was not significantly different. 

There was a systematic difference in the counts of the two observers, but 
because all tracks among which comparisons are made are counted by the 
same person we believe this difference does not contribute a significant syste- 
matic error. The disagreement probably comes from the different ways indi- 
viduals resolve overlapping drop images and from the variant abilities of ob- 
servers to separate the drops in tracks from background drops, even though 
the drop images on the film are counted stereoscopically with 40 times 
stereopically magnification. 


B) Statistical errors. — Experimentally it is impossible to separate each 
source of statistical error. All that is required of our procedure is to find an 
estimate of the total error in the ionization of an interesting track. We have 
measured directly an error that we call a drop count error. Then by a com- 
parison of internal and external consistency in drop counts we found a need 
for another that we call corporate error. We discuss first the drop count error, 
then the corporate error. 


1) Drop count error E,. We determine the drop count error from 
a study of the distribution of the drops along each track. The track is divided 
into cells and the number of drops in each cell is counted (?3). The number 
of cells containing a given number of drops is plotted against the number of 
drops to obtain a distribution of drop count frequencies. The distribution 
obtained depends on fluctuations in the ionization processes of a particle passing 
through the cloud chamber gas, on the statistical nature of the drop con- 
densation process, and on counting errors. The resultant of these errors we 
call a drop error #,. EH, is estimated from the width of the distribution of 
the drop count frequencies occurring in the cells. The width, taken sym- 
metrically about the average cell count, that includes half the cells is taken 
as twice the probable error of the count in a single cell. This width is broadened 
by the drop gradient that exists along the vertical direction and by deviations 
of the track in depth that cause changes in magnification along the track. 
Another way to estimate the width of ee ae is to calculate the 
external consistency probable error H, = 0.675 [> vi/n(n—1)]* assuming a 
gaussian distribution in observed drop count frequencies; v, is the difference 
between the average drop count per cell and the i-th cell count and n is the 
number of cells counted. 

Part of H, comes from fluctuations in the primary ionization. A soa 
Statistical error, rae due only to this cause can be written separately a 
E, = 0.675 {[(1 + 6)(1 + v)]/N,,}}, where 0 is the condensation efficiency on 
negative ions, » is the average number of secondary ion pairs produced by 
each primary process, and N,, is the measured number of drops. Experiments (#4) 
show that if the condensation efficiency for negative ions in ethyl alcohol-water 

vapor is greater than approximately 0.35 then the condensation efficiency for 
positive ions is near 1. A calculation indicates that the average number of 
ion pairs per em produced by a minimum ionizing track in our chamber is 
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dI 


about 15. Using this information we find an average negative ion condensation 
efficiency of 0.6. The work of W. E. HAZEN (°°) shows that the primary specific 
ionization in helium at N.T.P. is 6.5 + 0.1 per cm. Frost and NIELSEN (CP) 
give the result that the probable specific ionization is 8.1 + 0.5 per cm. From 
these numbers we caleulate v to be 0.25. Values of-H,, E;, and E, for the 
six u-meson tracks, are given in Table V for comparison. 


TaBLEe V. — Estimates of drop count error. 


Total number of drops 
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(*) From observer 1 data. 


Another error that contributed to £, which can be estimated separately 
is the counting error. On the basis of repeated counts by the same experienced 
observer at time intervals long enough to erase any memory of track details, 
the probable counting error for a full length minimum track is one percent. 


2) Corporate error. We have recognized the necessity for an addi- 
tional statistical error that is relatively small for lightly ionizing tracks and 
increases rapidly with increasing ionization for tracks starting at about four 
times minimum. This corporate error, E,, is the one that limits our ionization 
measurements to tracks of less than seven times minimum. £, contains sta- 
tistical errors from at least two sources. First, the judgment required in 
accepting or rejecting cells containing blobs near the 40 drop cut-off limit can 
change the measured ionization significantly We note that the drop count of 
a full-length minimum track changes 5 percent when a single blob of 40 drops 
is rejected instead of included. An idea of the magnitude of the effect comes 
from the fact that out of 25 minimum tracks containing 1414 cells only 15 cells 
were rejected because of blobs. Nine tracks of average ionization 2.5- minimum 
had 17 cells out of 510 rejected for this cause. This kind of error is included 
in the corporate error as a constant percentage error for all tracks. 

Second, for tracks of ionization greater than 3 or 4 times minimum, there 
is need for an additional error because the saturation effect in the measured 
drop count makes necessary @ drop overlap correction that is itself uncertain. 
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We have estimated that the percentage uncertainty in the overlap correction 
increases as the correction itself, that is approximately as the fourth power 
of the ionization. This type of error is included in the corporate error as a 
term that depends on the fourth power of J. 

Thus we take £, = A + BI! for a full length (40 cm) track. For a track 
of length L cm the corporate error is calculated as the full length corporate 
error multiplied by (40/L)?. The coefficient A was obtained in the following 
way. For events that contained two or more tracks used for the minimum level 
determination, the error in the minimum level was estimated by external and 
internal consistency. £, only was used in the internal consistency calculation. 
Analysis of 48 near-minimum tracks in 12 events required the postulate of an 
error, (Eo)min., Of approximately 2.7 percent combined independently with #, 
to make the average errors by internal and external consistency agree. We 
thus take A = 2.7 percent. The coefficient B was estimated from the distrib- 
ution of points in the plot of N,/N, versus 7. For each proton track an equi- 
valent full-length track residual error, 


1 


IRE N,\? 1 
Lai GB) La" es 
Da a [ da. È “i i 


was calculated where 07 is the sum of the squares of the drop count error, 
the error in N, due to momentum error, and the minimum level error. The 
weighted average value of o, calculated in this way was 3.8 percent for the 
average ionization of 3.4- minimum. We therefore assume that £, was 3.8 per- 
cent for J = 3.4: minimum and knowing A we calculated B in the formula 
io = ASSE coving bT_ 0101. 


C) Relative tonization. — The relative ionization is calculated as the ratio 
N,/N, where N, and N, are the corrected drop counts of a track and the 
minimum level respectively. The minimum level is the average of measure- 
ments on near-minimum tracks corrected to minimum with a theoretical ioniz- 
ation curve (3) that gives the ionization as a function of the ratio of momentum 
to mass. 

The total probable error in the corrected drop count of any track is cal- 
culated as AN/N = (#2 + E2)}. H, is obtained from the distribution of the 
number of drops per cell along the track, and £, = (40/L)}(2.7 + 0.0114). 
Then the relative ionization of a track, N,/No, is assigned a probable error 
calculated by AI/I = [(ANG/No) + (AN,/N,)?1t. 

For a track near-minimum ionization, 40 cm long, the best present mea- 


surement of relative ionization obtainable in our chamber will have a statistical 
error of 5 percent. 


D) Proton measurements. — Results of the measurements on protons and 
minimum tracks show interesting features about the drop count method of 
ionization measurement. Using measured values of momentum and drop counts 
on above-minimum and near-minimum tracks and correcting for systematic 
errors, we have calculated the individual masses of the 41 proton tracks. 
Because these particle tracks were used to derive a systematic correction on 
the assumption that they were protons their average mass ought to be that 
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of the proton. The individual oa 
mass determinations and asso- == 
ciated errors for the 41 tracks SE 
are presented in Fig. 5. == 

Average results of mass nie 
measurements and errors for SG 
these protons separated into — EI 
four groups according to in- —_—_— € 
creasing ionization are shown —— Be ee 
in Table VI. _ Caria 

Errors in this method of Sag Measured mass (Me) 
mass determination come chie- 1200 7600 2000 2400 2800 
fly from the ionization measu- Fig. 5. — Mass measurements on 41 protons. 


rement. The mass error at high 
ionizations comes from the 
uncertainty in the systematic correction required to compensate a drop satur- 
ation effect. The error at low ionizations is due to the broad minimum of the 
relative ionization curve for charged particles. Specifically we have distin- 
guished three experimentally determined contributions to the relative ioniz- 
ation error as discussed previously, the drop count error H,, the corporate 
error, H,, that contains the uncertainty in the drop overlap correction; and 
a minimum level error £,. Fig. 6 shows the combined effect of these errors 
as a calculated curve of the tota- relative ionization error as. a function of 


TapLe VI. — Average results of mass measurements on proton and deuteron tracks 


for four groups separated according to ionization. 


Protons 
= a a ~~ | Deuterons 
| Group 1 9 3 4 | euterons 
No. of particles 10 10 10 11 3 
Ave. values of length (cm) 26.71 27.61 20.04 | 19.21 | 25.6 
N, (drops/em) AVS he | 645+) 282,6 74.8 
[(N,— Ny)/N]:100 | 4.17 | 5.28 11.98 18 a i a | 
VS PIERA] 2.00, 2.64 | 3.48 4.21 3.80 
t fi | 0 357 | .38 3.70 
VER CILE, | 1.98 2.65 | 3.57 | 4 | 
La i “| 
Mass, (my) (ado). «il 1g23" | 1799 = L788 3640 
s, (m, | | x vee) 
: | ii | wh | 
Mass, (™,) 1856 | 1845 | 1847 1783 | 3780 
eo | IRSA a 
| | | 51 165 
(AM);c. (m,) (end | 36 |. 39 di 
i zs | 
5 30 160 
(AM), ¢. (104) 35 23 : ies da 


586 W. B. FRETTER, E. W. FRIESEN and A. LAGARRIGUE 


20 a i | ionization for an average track 25 em 
| long. The error in mass, AM/M -100, 
| that includes these ionization errors 
| augmented by the average momen- 
| tum error also is given. Note that 
| A1M/M is nearly the same for ~-me- 
sons and protons except for the small 
| influence of different momentum er- 
i rors. Table VII give the relative 
| contribution of each . recognized 
| source of statistical error to the final 
average error of the four groups of 
calibration protons. 

There is a possible systematic 
error in the drop overlap correction. 
At the average ionization of the ca- 
libration protons the correction is 5 

Proto pe 10 percent, and we think that any 
Hi ‘Pi mesons| M remaining systematic error after 
iD 20 38 BA BD 60 68 Correction is less than 2 percent on 
I(x minimum) the average. In fact a large shift in 
the correction curves, from A to B 
in fig. 3, shifts the mass values of 
the individual proton groups as in- 
dicated in Table VI, and the average 
mass value only two percent. Because the overlap correction, applied to the 
ionization measurements, is adjusted so that measurements on protons fit the 
proton mass, any Systematic error in the magnetic field measurement will be 
compensated, on the average, by a corresponding error in the systematic 
drop overlap correction, but we note that the systematic error in the mag- 
netic field measurement is probably less than one percent. 

Several further limitations are apparent. Mass measurements in the chamber 
are limited to particles whose track lengths in the chamber are greater than 
approximately 4 cm. The sign of a particle cannot always be determined 


Percentage error 


Fig. 6. — Relative ionization and mass 
error curves. 


TABLE VELE < Comparison of sources of statistical error in the mass measurements. 
Group 1 3 i 2 re < 3 4 

Average ionization 2.00 2.64 3.48 4.21 

7 es (%). aa “81d meee os x 25.6 cal 22.1 
Wo (%) esa de: 26.8 oa eee tte oa 16.5 
By (9h) COR a ae chat e 


E, (%) 24.6 31.6 43.9 | 55.3 
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unambiguously; however, in most cases an origin of particles is apparent and 
the sign can be noted with a high probability of being correct. It should be 
emphasized that the drop overlap correction and many other calculations are 
specific to our experimental conditions. 
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1. — Introduction. 


Until recently mass measurements on particle tracks in a magnet cloud- 
chamber have depended upon visual estimates of ionization. Owing to the 
subjective nature of such estimates, any mass determinations have necessarily 
been very inaccurate. 

The method of droplet-counting has long been used to measure ionization 
in cloud-chambers, in particular by R. B. BRoDE[1] and W. E. HAZEN [2] but it 
was usual to introduce a time delay between the passage of a particle and the 
expansion of the chamber. In this way adequate resolution of the separate 
drop images can be obtained and drop-counting becomes a relatively simple 
matter. However, it is not possible to make accurate curvature measurements 
on such diffuse tracks and in the earlier work already refered to, curvature 
was measured in an auxiliary chamber. This double chamber technique is 
not very useful when mass measurements on rare or short-lived particles are 
required, To permit drop-counts on ordinary counter-controlled tracks, without 
additional diffusion, it is necessary to pay special attention to the problem of 
reducing the size of a drop image as much as possible whilst maintaining 
adequate photographic contrast. Alternatively, or in addition, a gas mixture 
having a smaller specific ionization may be employed but this will, in general, 
reduce the accuracy of curvature measurements. In fact, it has been found 
necessary to use a considerable proportion of helium in order that ionization 
up to several times the minimum value be measurable, e.g. CARTER and 
WHITTEMORE [3], CowAN [4], FRETTER et. al. [5]. 
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In addition to the problem of optical resolution, particular care must be 
taken to ensure relatively stable and uniform chamber conditions. This is 
because the fraction of ions which grow to a photographable size depends upon 
‘the supersaturation in the chamber and hence on the expansion ratio. Ap- 
preciable temperature gradients across the chamber lead to a corresponding 
variation in supersaturation and must be avoided. It is difficult to ensure 
that supersaturation after expansion remains constant for long periods as slight 
temperature drifts, gas leaks or changes in the constitution of the condensant 
may change it appreciably; however CARTER and WHITTEMORE claim to have 
maintained absolutely stable operating conditions for a period of as long as 
a fortnight. In the absence of stabilising devices the chamber conditions 
must be continually monitored and this is most conveniently done by sepa- 
rating the positive and negative ions in y-meson tracks into two columns by 
mean of an electrostatic field prior to expansion, and then counting the numbers 
of droplets in corresponding sections of the two columns. Now it is known 
that for the ethyl aleohol/water condensant commonly used, the condensation 
on the positive ions is virtually complete if condensation occurs on more than 
about 30% of the negative ions. Therefore, as long as this condition is ful- 
filled, the level of supersaturation conveniently measured in terms of the con- 
densation efficiency, which is simply the ratio of the droplets formed on nega- 
tive ions to those formed on positive ions, can be determined. If, in addition 
to the condensation efficiency, the ionization yield at the minimum value is 
known, usually from measurements on electrons, then a measured drop-count 
can be converted to an absolute ionization. An alternative procedure to affect 
the conversion is to use the drop-counts on the tracks of known particles in 
the same, or neighbouring, photographs, provided it is known that variations 
of efficiency over short periods are not important. 

There are various sources of error in an ionization measurement, dealt 
with in § 6, which must be taken into account. The largest component is 
usually the statistical error due to the limited track length available. 


9. — Factors affecting drop size. 


The factors affecting the size of a drop image are: 


) The resolution of the emulsion. 
) The turbidity of the emulsion. 
) Exposure. 

iv) The lens aperture. 
) Lens aberrations. 
) Development. 
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The lens aperture is determined by the depth of focus required and lens 
aberrations are usually unimportant compared with other factors. Adequate 
exposure is essential to ensure good contrast but over-exposure will lead to 
an increased drop size due to turbidity. For the aperture used in this work, 
the size of the central diffraction dise was near the limit set by the resolution 
of the emulsion. Some technical details concerning three different emulsions 
that were tried are given in Table I. The images showing the best definition 
were on Kodak Super XX, the drop diameter for normal exposure being 
~15 um; the resolution was also best in this emulsion. Attempts to reduce 
the image size by under-exposing or under-developing were unsuccessful as 
the drop images became very ragged and lost contrast. However, FRETTER 
has obtained well-defined drops with diameters of ~ 10 um on Kodak Lino- 
graph Ortho film, considerably less than the diameter of the central diffraction 
disc. This result suggests that the Linograph emulsion has a considerably 
better resolution than the emulsions tried in the present investigation. 


Details of two different chamber fillings are given in Table I. 


TaBLe I. — Technical details. 
Lens aperture F/14 
i Depth of focus 4 + 0.2 em 


(Lenses differentially focussed to cover 
depth of 6--7 em) 


Calculated diameter of central 16 um 
diffraction dise 


Illuminating power 2x720 Joules per flash 
| Average drop diameter Ilford 5G91 20um Iford T 590 25 um 


Kodak Super XX 15 pm (Sharpest images) 
(Development: 5--10 min in Kodak D19b) 


Ì 
| = 
Il 


Chamber filling 
| (95 em total pressure) 
| 
| I 50% A +50% He SIA : 
| Il 80% Ho+20% ni | 70/30 mixture of C,H;0H and H,0. 


i Ionization yields 
I 32 + 0.6  ion-pairs/em 


II 18+0.3. ion-pairsfem 


The ionization yields in the two gas mixtures were obtained from measu- 
rements on identifiable electron tracks knowing the condensation efficiency. 


ati 
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3. — The factors affecting the resolution of drop images. 


In a 2 e 6 ACONTS 1 a - ine] o c P a 
order that an accurate drop count be possible the degree of overlapping 
of separate drop images must not be too great. The resolution is determined 
by the following factors: 


i) Drop image radius, r. 

ii) The magnification, 1/M, at which the track is photographed. 

iii) The ionization yield, N,, which is conveniently expressed in ion- 
pairs per cm at minimum ionization. 

iv) Track width, W. 

v) Condensation efficiency, e, i.e. the ratio n—/n*. 

vi) A resolution criterion, x, such that two drops with centres closer 
than «x r are counted as: one. 


A useful parameter is: 


N,(1 + e)a(Mr) 


A WwW 


which is the fractional area that would be covered by drop images in the 
absence of overlapping. 

Introducing the resolution criterion, the number of drops lost due to over- 
lap, dN, can be found from a simple geometrical calculation and, expressed 
as a function of the true number, N,,u,s 18 given by: 

Ha —a+bA—cA’. 


=) true 


The term containing A? is rather small and, for moderate densities in the dense 


mixture (I), the formula reduces to the form: 


aN 
Sa a 020H= 0.5Da . 


IV 
+’ true 


The values of A at minimum ionization for the two mixtures were ~ 0.08 


and — 0.025 respectively, the latter value being close to that employed by 
In practice it is found difficult 


FRETTER; the mean magnification was 7.5. 
respectively in the 


to measure ionizations greater than i oi... and; ot eee 
two mixtures. Approximately, then, the maximum measurable ionization for 
operating conditions characterized by a particular A is 0.2A-1. It must be 
remarked, however, that a reduction of 4, whilst raising the maximum mea- 
surable ionization, also increases the momentum error due to track noise. 
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4. — The counting procedure. 


A monocular microscope with an overall magnification of between 10 x 
and 20 was used to count the drops, the track to be measured being divided 
into equal cells of length approximately equal to the track width by means 
of an eyepiece graticule. The cell sizes were about 100 ym and 200 um res- 
pectively for the two gas mixtures. Cells containing large unresolved clusters 
were rejected since the gain in statistical accuracy resulting from their inc- 
lusion would have been more than offset by the increased uncertainty of the 
drop count. Such clusters are usually due to single large energy transfers 
and, from estimates of the number of drops in them the corresponding trans- 
fers — 120 eV and ~ 500 eV respectively. To obtain consistent results the 
cut-off must be varied according to the measured condensation efficiency, but, 
since the number of large transfers is small, the precise value is not critical. 

The track length is determined from a stereoscopic reconstruction and the 
average drop count, corrected for overlap, is expressed in terms of the number 
of drops per em of track in space. 


5. — Condensation efficiency. 


The average count must be reduced to an absolute ionization and this 
requires either a knowledge of the ionization yield and the condensation effi- 
ciency, or of the count obtained on known particles under similar conditions. 
In the application of the first procedure the condensation efficiency was de- 
termined at intervals of several hours by photographing y-meson tracks which 
had been separated into positive and negative columns by an electrostatic 
field. For the condensant which was used it is known that condensation on 
the positive ions is virtually complete as long as the condensation on the 
negative ions exceeds about 30%. Thus, provided that this condition is ful- 
filled, the efficiency can be found by comparing the numbers of drops on cor- 
responding sections of the two columns. For the second procedure, the only 
particles that can be unambiguously identified, and are sufficiently abundant, 
are electrons. 

A slight negative temperature gradient was applied to the chamber to give 
stability against convective gas motion and it was necessary to investigate 
whether this gave rise to any significant variation in the efficiency from the 
top to the bottom of the chamber. Measurements on field-doubled tracks 
revealed no significant variation. 

Fig. 1 shows the variation of the efficiency during a typical period of oper- 
ation. The efficiency determined from measurements on field-doubled tracks 
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OU 
No) 
DI 


is compared with that deduced 


E 
from measurements on electrons, 
e 2 : 100 
normalisation being effec ar : ere fecrrons 
E mo effected near e Field doubled-tracks 


the middle of the curve where 
the length of electron track was 
greatest. 


6. — Ionization errors. 


There are several sources of 0 190 200 300 400 500 
error in the ionization determi- Intl, 
nations: 
i) Fluctuations in the ionizing process. — These are due to Poissonian 


fluctuations in the number of primary ionizing collisions magnified because 
each primary collision corresponds on 
the average to the formation of more 


we ss 
16 © than one ion-pair. The fluctuations 
15} have been found empirically from mea- 
1 ; 
zi surements on electron tracks. Fig. 2 


shows the distribution of the counts 
on 600 cm of track and it can be seen 
that the distribution is substantially 
gaussian. The percentage errors (stan- 
dard deviations) were found in this 
way to be respectively 27/(R)} and 
44/(R1)? for the two mixtures, R being 
the ionization in terms of the minimum 
value and J the track length indy (ema, 
16 17 18 19 20 21 ere? x F527 28 29 30 These values are close to the calcu- 

number of ion pairs per cm lated theoretical values using the ap- 
propriate cut-off. However, reduced to 


Fig. 2. — Distribution of ionization for 
electrons p/m > 60 (oxygen at 0.45 atm). the same terms the percentage error 
obtained by FRETTER is 30/(RL)* which 
is only about two-thirds of the theoretical value. The reason for this discre- 


pancy is not clear. 


ii) Counting errors. — For a single observer a count is reproducible to 
an accuracy of about 3% unless A is rather large, when it is somewhat less. 
Between observers, counting errors of up to 6% are found at minimum ioni- 
zation increasing to as much as 20% at the upper limit. However, if the results 
of different observers are normalized, the random error is about 3% for 
A = 0.1 rising to o tor AI background drops become appre- 
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ciable in number these errors must be increased. Other workers avoid this 
particular difficulty by stereoscopic counting (e.g. COWAN [2], FRETTER, loc. cit.). 


iii) Normalization errors. — Using field-doubled tracks: the error in the 
efficiency ~ 3% and the error in the ionization yield ~2% give an overall 
error ~ 4%. 

Using electron tracks (in mixture II): the error is dependent on the length 
of track available and was about 7% in most cases. 


iv) Uncertainty in the overlap correction. — This is due mainly to the 
uncertainty in the value of x to be used in the correction. However, the cor- 
rection is never larger than 20% and in fact is not often greater than 10%. 

The appropriate value of « is difficult to determine with precision but is 
probably close to unity. Attempts are being made to determine it from counts 
on artificially prepared drawings of tracks. 


7. Momentum measurements. 


The curvature of a track image was found by the ordinary coordinate- 
plotting method, a least-squares parabola being fitted to the measurements. 
Spacial reconstruction of a track was effected using a stereometer (BAR- 
KER [6]). Corrections for conical projection and field inhomogeneity were 
applied where necessary. 

The level of gaseous distortion was estimated from measurements on 
u-mesons taken without a magnetic field. For mixture I the corresponding 
maximum detectable momentum was ~ 8 GeV/e but unfortunately, in the 
second mixture, trouble with the water-pump supplying the thermostated 
enclosure led to unacceptably large distortions during a considerable part of 
the run. The gas distortion was usually the predominant component of the 


momentum error except for the shorter tracks where diffusion noise became 
important. 


8. — Mass measurements. 


Measurements of ionization and momentum on a group of slow particles 
that traversed the cloud-chamber are plotted in Fig. 3. For the lighter gas 
mixture it was only possible to make accurate momentum measurements on 
light mesons. Also shown are measurements on a number of V-particle se- 
condaries; these are indicated by numbers on Pig. 33 

Unfortunately all of these are near-relativistic particles and no accurate 
mass values can be obtained. Particles 1, 2, 3 and 4 refer to the case of double. 


production of a A° and a K} discussed by M. 8. CoarEs earlier in the Con- 
ference [7]. i 


: Vini 


mee 
T 
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ig 5 accec nf 29 Val val Si artio a n 7 
The masses of 32 non-decaying particles are represented in Fig. 4, the 


errors indicated being standard deviations. The resolu tion between 7 and 
” cu 


u-mesons is good, four probable u-mesons giving a mean mass of (200 +10) m 
= di = = e 


and 6 7-mesons < E È (QST Te 
‘ 7 sons a mean of (273+7)m,. However, for the heavy particles 


the momentum error is often important, the average error on the mass of an 
individual proton being — 300m, and the mean mass of 16 protons 
(1800 +100) m,. There are three positive K-mesons among the non-decaying 


ur c wp, ‘DB 


ot Momentum (MeV/c) 
Litviti I A ILLILK di 
8 rana 
10 10° 10° 
Fig. 3. 
24} He-0,(80%- 20%) Di R 
i | ns 
291 ee 41.3 
1 If 
ET } | 
E Ino 41.2 
5 217 ¢ 
a 
220 
= 411 
19F 
18 la 
p/m Li 
{PA = iI 
1 10 100 1000 
Relativistic rise in ionisation for electrons 
A-He (50°/o- 50%o) la 
50 : 
e È v 
b 14 
È [ I 
È ò ; b 1.3 
i 4 9 41.2 
L 411 
L dio 
lai M a 
30 e P/ +4 Ji 
1 10 100 1000 


+ 50%He+50%A 
+ 80%Het+20%0, 


particles with masses of (849 +84) m,, 
(998 +170)m, and (1178 --170)m,, values 
consistent with the mass of the t-meson. In 
addition, there are two particles which aer 
probably protons giving masses of 
(1438 4807 and: (1440777) m,: 
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9. — The logarithmic increase of ionization 
for electrons. 


The variation of the ionization of elec- 
trons with increasing momentum has been 
investigated for the two mixtures used in 
the drop-counting experiments, viz. 50% 
A+50% He, and 80% He + 20% 0». 
Condensation efficiency was measured in the 
manner described in § 5. The results are 
shown in Fig. 5, the full lines being the 
unmodified Bethe-Bloch ionization curve. 
There are insufficient measurements at high 
values of P/M to establish the plateau level 
fo ionization but it 1s unlikely to be much 


% 
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greater than 1.3/,,,. For the lighter mixture, the measurements are in rea- 
sonable agreement with the predictions of STERNHEIMER [8], allowing for 
the Cerenkov loss. Since the magnitude of the Cerenkov loss in argon does 
not appear to have been estimated, the measure of agreement for the 
heavy mixture is uncertain. It should be remarked that the value of the 
plateau ionization obtained in the present experiment is significantly lower 
than the value of >1.4/,,, employed by FRETTER. 
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An experiment has been carried out to select charged heavy unstable part- 
icles, and to take lifetime measurements on them. 

The apparatus is shown in Fig. 1. It consists of an array of counters 
above a cloud chamber, and a multiplate cloud chamber with a Cerenkov 


counter and 6 one em thick 
lead plates inside it. 

The external array of coun- 
ters selects slow particles hea- 
vier than the x-meson. It does 
this by responding to scintilla- 
tion counter coincidences S, and - WHITE 
S, with an anti-coincidence si- hag 
enal from an interposed Ceren- 
kov counter (DUERDEN and 
Hyams [1]). 

The chamber is expanded 
when there is a signal in the 
chamber counter (from a fast 
particle) coincident with a slow 


QA LEAD 


Co 


PM PHOTOMULTIPLIER 


ical: 


heavy particle, the resolving time used for expanding the chamber is 5:10-°s 


(BARKER et al. [2]). 


The signals from counters È, and C, are used to take direct decay time 


measurements on unstable heavy particles, the measurement error is |3-107° s. 
The cloud chamber pictures are inspec 


8 


ted for events appearing to be 


unstable particles. Hight unambiguous events were observed and seven more 
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which are almost certainly unstable particles. Events are selected without 
any reference to the timing information. The observations are summarized 
in Table I. 

We conclude from the observations, and the known decay schemes of 
unstable particles, that nearly all our events are observations of K,,,-mesons, 
and that the lifetime of this particle is (10.8*3$)-10-* s. 


TABI) Ly 
thy | Decay | No. plates. Range of sec. Total Poss. ranges 
IN umber time penetrated — e — | observed | at which electron 
| (10-? s) | by prim. | Before C, | After C, | rangeofsec. | could be seen 
Sile le age ee : i 7 5 = | 
Unambiguous events. 
TSO 34.5 2 LO = == | 10. 
1743 5.4 1 29 = A 10 | 
a ere È = 3 a 
2491 9.1 Si AA 8 as + 8 
— À | == 
| 2499 | —3.2 long: 38 89 es 
Ses ISTE ae | Lac e A 
| 2930 4.5 4(*) | 7 = = 7 21 36008 
| 5 Sa Eales = | 
5583 16.0 2 10 di = 10 | 
| 6398 36.4 2 13 49 | 75 | 13 
eee = 7 = | | 
| | | = 
| 6561 23.5% <7 1 | 23 Dili 88 | 8 
| Probable S-particles. | 
| 2939 0. : i | | 
ee? o eet ec e: 32 i 
: | | Cloud chamber 
SARA ol ae 1 | 21 | underexpanded 7(8e) 21 -| 
— | = ee = =| =! 
| 5431 13.9 a ar tan as = È 
| 6522 5.7 Il 23 33 89 ass 
7157 2.2 3 2s pa 39 ia 
33 - | ¥ 
9950 8.0 2 35 a | = a 
10094 1.0 0 i O i a 
| , , z 39 38 | 94 Pea 
(*) Cy is counted as a single plate. 
(+) Cy not included. 


OBSERVATIONS ON HEAVY UNSTABLE PARTICLES 599 


We conclude that there are relatively few heavy mesons whit a lifetime 
in range 10-7<T<10-s which emit relativistic decay products. 

We have observed no events corresponding to the annihilation of an anti- 
proton, although about 7-10-5 protons have been counted by the external 
counter array and stopped in the cloud chamber. 

A calculation of the expected flux of anti-protons throughout the atmo- 
sphere has been made. The calculation is based on Fermi’s statistical theory 
for the production cross-section for nucleon pairs. The anti-protons are as- 
sumed to suffer nuclear collisions with small probability of annihilation. It is 
concluded that the expected rate of stopping anti-protons near the top of the 
atmosphere is 4:10-2g¢-!em-? day? (in air) and at 3000m altitude it is 
3-:10-* g-1 em-? day-?. The failure of our experiment, and most other cloud 
chamber work to detect any anti-protons at 3000 m is compatible with the 
Fermi production cross-section, but is not compatible with a larger one. 
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1. — Cloud chamber results. 


Lifetime measurements were undertaken on the groups of decay events 
described in the previous paper. For this purpose it was necessary to establish 
in advance fiducial planes limiting the volume of observation in the chamber. 
These planes were chosen in such a way that within them there was no de- 
pendence of detection efficiency upon the point of decay. Also, for the purpose 
of lifetime analysis, one must deal with homogeneous groups. It is therefore 
necessary to classify events according to the nature of the decay schemes 
indicated and thus to be able to make a statement as to the possible iden- 
tities of the particles. With two exceptions all V+-events within the planes 
allowed some measurement of p* and therefore some statement as to possible 
identity. In the case of the V -events, seven decays within the planes did 
not yield p*-values. Lowering the upper fiducial plane to a distance 12.5 em 
above the center plane eliminated five of these. This procedure does not 
introduce bias, being only analogous to a shift in the zero of time in more 
conventional lifetime measurements; it allows a better identification of the 
nature of the sample. 


The lifetime planes then contained 20 V+ and 12 V, which were divided 
into three groups: 


Group A: Particles which could not be two-body K-decays, but could 
be +’, or hyperons. These include the cascade event; a particle whose ioni- 
zation and momentum indicate a mass > 965 m, by more than two probable 
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errors; and low and high p*’s more t 


y* and K, p*-values. In this group were 


Group B: 
could be hyperons, due either to the 
measure p*. 


Group C: 
hyperons or low p* (i.e., three-body) 
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han 13 probable errors from accepted 
NE 2. 
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Particles which could be two-body K-decays but which also 


calculated p*’s, or due to inability to 


In this group were 4 V+ and 4V. 


Particles which could be two-body K-decays and could not be 


decays. In this group were 9 V+ and 


6 V_, which are interpreted on the basis of known particles, as a possible 


mixture of y and K,,. 


disregarded in further analysis. 

The lifetimes of Groups B and C 1 
of maximum likelihood described by M 
i and potential path lengths X and D 
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On the assumption of a single lifetime 
develop a function: 
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The events in Group A are obviously not a homogeneous group and are 


nave been calculated using the method 
. S. BARTLETT. For this purpose actual 
are measured and converted into cor- 


responding proper times t and 7 according to 
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where 7 = 5 


, t, for a given group, it is possible to 
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This function has zero value for the 
most probable lifetime and unit stan- 
dard deviation. For a given set of da- 
ta, S is evaluated for various values of 
1/7. If S is then plotted against 1/t the 
maximum likelihood value of 7 is given 
by the point at which S is zero, and 
the value of S at any other value of 
1/t, is the probability, in standard de- 
viations, that 7 is farther from the cen- 
tral value than 
The results of these measurements 
are shown in Fig. 1. The indicated 
lifetime of Group C of the positive 
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sample is 5.2-10-!° s with 50 percent probability for the interval 3.7<7T< 
< 8.5-10-2 s. The probability that 7 is greater than 107° s is 20 percent 
and that 7 is greater than 5-107? s is 7 percent. For the negative sample, the 
maximum likelihood value is 4.2-10-!° s with 50 percent probability limits 
for the interval 3.0<7< 8.0-10-! s. The probability that t is greater then 
10-* s is 20 percent and that 7 is greater than 5-10-° s is 11 percent. 

These results are to be compared with emulsion and other cloud chamber 
work that indicates generally longer lifetimes for K-meson decays. The strong 
indications of the Paris group for K lifetimes of the order of > 5:107* s and 
the results of ROBINSON (to be described), and Hyams from direct timing 
experiments indicate that the K,, lifetime is the order of 10-*s. The emul- 
sion work indicates the 7 lifetime to be the order of 5-107*s or longer. 

The question arises as to whether there is a bias in the sampling of the 
present work that leads to an apparent short lifetime, or whether the lifetime 
obtained is the result of averaging a group with a long life such as that of 
the K,, with a group with a short lifetime, such as that suggested for the 
hyperon (5-10-!! s), although there should be no hyperons in Group C. The 
first of these questions concerns the bias of the chamber geometry and the 

selection criterion. Although the geo- 


STATISTICAL PROBABILITY VERSUS RECIPROCAL metry of the chamber and generating 
sE, OF ASSUMED LIFETIME Tae 
GROUPS. B+C layer of lead favors the detection of 


+1+ V*13 events 


a lifetime of 5-10- over that of a 

= lifetime of 10-8, this fact in itself 
A be aN 10'S would not simulate a short lifetime. 
10% probability thatT,>5x10°s The p* selection criterion should fa- 
vor longer lifetimes, since, if biased at 
all in application, it tends to select 
slower, longer living particles. We 
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Statistical probabilities expressed as the ratio of 
deviation to one standard deviation 
+ 


0 
| empty a Secartan be miving the cess a tame 
n | Beprobobility thatt->5x10% criterion by mixing the groups referred 
0 Uh Sais 03 04 to above. In the first place, Group 
ir ee A is obviously not homogeneous. The 
Fig. 2. effect of mixing Groups B and C is 


shown in Fig. 2 where essentially the 
same results as before are obtained. In fact Group B alone gives no indication 
of a shorter lifetime, and this group contains our « possible » hyperons. 

The possibility that the Jifetime found could result from an average of a 
group with a short lifetime and a group with a long lifetime can be investigated 
by calculating a lifetime for each event. Although each event has a very small 
Statistical weight in itself, nevertheless such a procedure in our sample shows 
good grouping around the median result on a 1/7 scale. There is thus no 
evidence that the value found for 7 is due to such an average of widely se- 
parated groups. 
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We conclude therefore that among charged K-mesons, there is a group 
with a lifetime which has about 90 percent probability of being shorter than 
5-107° s. In view of the results of our group and other groups mentioned 
above, which indicate the K,, lifetime to be 10-*s, and in view of the p* 
results of the present sample, we conclude that the shorter lifetime is to be 
attributed to the y*-particle. 

It is of course possible that our particular samll sample has not been repre- 
sentative of the mixtures of K,,, and y-particles to be expected in cloud chamber 
samples. If we take seriously the difference in lifetimes of the positive and 
negative samples, and attribute the difference to a mixture of Ko andy) 
the positive sample; calculate the geometrical bias of the chamber for the 
different lifetimes; and assume 
a momentum distribution at pro- 
duction p(7)d(7) = (A/7?) dy, then 
fag find about 90 percent proba- 
bility that the ratio of y*/K, at 
production is greater than 1/6, 
and that our results are consistent 
with a production ratio of 1/1. 


ALUMINIUM 


2. — Direct electronic measure- 
ments. 


Work originally undertaken by 
KeUFFEL and MEzzETTI at Prin- 
ceton has been extended by Ro- 
INSON for the purpose of mea- 
uring directly the time delays 
ssociated with penetrating show- 
rs. The experimental arran- 
ement is shown in Fig. 3. In- 
eractions occur in the lead roof 
bove the counter assembly. The 
ultiplicity of these events is in- 
icated by a Geiger counter hodo- 
cope. The liquid scintillators pro- 
ide the chronotron with a zero 
ime pulse and the directional Cerenkov counters provide a pulse when an up ward 
oving particle is associated with the event. If a decaying particle made in 
he interaction comes to rest in the vicinity of a Cerenkov counter and if the 
harged decay secondary moves upward then the delay pon the Lui 
nd final pulses can be attributed to the lifetime of the particle. The direct- 
onal sensitivity of the Cerenkov was determined at sea level. 


—34-1x23" GM 
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The coincidence scheme involved the Geiger counters, scintillation counter, 
Cerenkov counter and chronotron pulse in fourfold coincidence. 

Preliminary results of the analysis of this experiment are as follows: 

In order to obtain an exponential decay curve for the events with delayed 
Cerenkov pulses it is necessary to use only those events having no zero delay 
pulse; that is, events indicating only a single meeting point of the chronotron. 
This is due to the fact that delayed pulses are lost when close to the zero lag 
pulse as they are not resolved separately on the chronotron. The single delayed 
pulses seem to be consistent with a single exponential decay curve. A Peierls? 
analysis of all the single delayed events for a single lifetime gives a mean life- 
time of (8.0 + 0.7) millimicroseconds. This is taken to be the lifetime of the 

most abundant of the K-particles with 
10°r a possible lifetime in this range, hence 
Total chronotron delays the K,,-meson according to the work 
EON ES i of the Paris group. The time. distri- 


- ee Fatte bution of these delays is plotted in Fig. 4. 
SH Each channel is 3.1 millimicroseconds. 
a 80tiums i The relative and absolute K and zt 
5 

- 2) È rates have been calculated from a curve 
S3o'L ° 3 $ similar to this. The accidental back- 


ground is first calculated from the known 


5 

Geiger-scintillator rate and the Cerenkov 

Il Total fs per channel TI : E . 

2 See, a noise rate. This is uniform over all chan- 
0° Counts after subtracting a 
background eee nels of the chronotron and is subtracted 
5 from the total rate. Then an approximate 
DI decay curve is drawn and the average dif- 


i I e A ference computed from channels 3.5 to 
20 So So «4 30 20 9.0, This difference is taken as being due 

Mod to 7-1-e events. The 7-u-e background per 

channel can be calculated from the known 

time distribution for 7 and yu decays. The total observed rate of these events 
is also calculated. After subtracting the r-u-e background the best exponential 
for the K-u events is found and the total observed rate determined by extra- 
polating to zero time. The total K-y events from this curve is 325 and the 
m-p-e events 3300. This curve represents a running time of 588 hours. A 
relative detection efficiency for K-u and u-e decays is calculated from the 
range and energy of the secondaries. The efficiency for K-u is calculated to 
be 2.5 times the efficiency for p-e, almost entirely due to the longer range of 
the secondary of the K-y and hence larger sensitive volume in which the part- 
icles can stop. This gives a relative ratio of stopping 7+/K of 2.5: (3300/325)=25. 
The absolute rate of stopping x* and K-u events is calculated from the mea- 
sured efficiency for detection of cosmic ray pu-e decays of .068. 


This was 
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obtained from a cosmic ray u-meson run using the known rate of stopping 
mesons of 2 g-! day! at Echo Lake and the observed rate of 230 h-!. The mass 
of the sensitive volume of the Cerenkovs is 31.8 kg. The above x-u-e and 
K-u rates include only events with single chronotron delays. The ratio of single 
events to events with a zero delay pulse is determined to be 4 from the ratio 
in the longer delayed channels for a run with the Cerenkov control pulse eli- 
minated from the selection scheme. Using this ratio and the measured effi- 
ciency for detection of u-e decays the absolute rate of stopping z* is calculated 
to be 145 kg-!day~! and the rate of stopping K-u is 5.7 kg-'day~*. The absolute 
rate of stopping K-particles was also calculated by estimating the absolute 
efficiency for the detection of the K-y decay from the measured efficiency for 
detection of relativistic particles by the Cerenkov detectors, in several di- 
rections. From this efficiency an absolute rate is obtained of 8.0 kg! day". 

In order to investigate the presence of photons among the decay products 
of the unstable particles of this lifetime, the K-y runs were made, alternately 
surrounding the Cerenkov detectors with lead plates 7° thick and aluminium 
plates equivalent in stopping power. These runs showed a 40 percent increase 
in counting rate with the lead. There is no significant change in observed 
lifetime with the change in absorber. An increase in rate can be due to mate- 
rialization of + secondaries from K-particles such asl Ye It aie OF 
qt ort + n° + n0. A relative detective efficiency for these particles by the 
Gerenkov’s is estimated to be five times the efficiency for detection of K,, 
decays, due to the large amount of energy in the relativistic electrons produced 
by the materialization of the y. Taking the same lifetime for the particle 
associated with the + secondary as the K-y then the ratio of stopping K-y/K-w 
is .075. Assuming a shorter lifetime for the K-y particle as 5 millimicroseconds 
gives a K-y/K-p ratio of 0.17. This is about as short a lifetime for the K-y 
particle which is consistent with the observed decay curve with lead. This 
increase can thus be accounted for by the decay tt> at + 7° + 7 and 
indicates that if y*/Kj —1, then the lifetime of y+ is < 5-10. 

A table of the Geiger multiplicity distribution of events associated with 
delayed Cerenkov pulses is shown in the figure. The average multiplicity 
counting events of multiplicity from 2 to 30 is 6.0. This distribution indicates 


an energy very much above the threshold associated with most of the inter- 


actions in which K-particles are produced. 
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We view these results as i 
a component whose lifetime has 90 percen 


ndicating that there is among the cosmic ray K-mesons 
t probability of being less than 5-10~°s. 
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It has been proposed that the long lifetimes of the new particles are a con- 
sequence of certain weak selection rules. This viewpoint has been principally 
developed by GELL-MANN and Pats. The theory of Gell-Mann and Pais also 
leads to definite predictions concerning production and interaction with nuc- 
leons. Some of these predictions may in fact follow from more general argu- 
ments, in order to reconcile with the long lifetimes and to get a consistent 
scheme. It has been suggested that the long lifetimes could originate from 
possible large spins of the new particles. In this case also, for production 
processes not very far from the thresholds, the associated production should 
be preferred with respect to single production, which should involve larger 
values of the orbital angular momenta. One would ask whether possible high 
spins of the new particles are alone sufficient to give an explanation of the 
many peculiar phenomena observed (such as long lifetimes, particular pro- 
duction and interaction processes, etc.). At present it seems that such a view- 
point would be faced by many difficulties. Particular arguments have been 
given [1] and others may be developed. 

We wish to remark that it is a different question to ask if possible large 
spins alone are responsible of the peculiar behaviour of the new particles, 
or if some new particles have spin larger than 0 or 3. It has already been 
pointed out by TREIMAN REYNOLDS and Hopson [2] that any departure from 
isotropy in the two body decay of an unstable particle necessarily implies a 
spin higher than } (the reverse, of course, is not true). This remark should 
be useful to recognize ifparticles with spin higher than 4 exist. The study of 
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the angular correlations in the cascade decay, H >A° +7, /°>p+ 7a 
could furnish conclusions on the spins and parities of the = and of the A’. 
Let us consider a free E- decaying with the emission of a A° and a zz. 
The A° undergoes decay into a proton and a xz. Let 0 be the angle between 
the direction of motion of the A° and the direction of motion of one of its 
decay products in the A° center of mass system. To indicate the case referring 
to a = with spin S and parity P (relative to the proton) and to a A° with 
spin s and parity p (relative to the proton) we write [SPsp]. In the cases 
[SP4p] the angular correlation is always isotropic, as must be expected on 
the basis of very general theorems, while for [SP3p] it has the form 
F(cos 0) =1+acos? 6, for [SP3p] it has the form F(cos #)=1-+a cos? 04+b cos* 6, 
and so on. The coefficients may easily be derived (*). 

As an illustration we report here some particular cases. For instance, in 
all cases [3P 3p] the angular correlation is given by (cos 6) =1+4+3 cos? 0. 
Therefore, in that case, no conclusion on the relative parities would be obtained 
from the measurement. To illustrate another example, take the case [$+ 34], 
or [3 $—] (they give the same correlation). One gets: F(cos 0) =1 + 
+ 3.333 cos? 0 + É[ 0.713 — 2.138 cos? 0] + &? [0.429 — 0.143 cos? 0] where € is 
a real number, which is related to the ratio of the two matrix elements, that 
corresponding to the transition E > A° + n with final particles in 
P-state, and that corresponding to the transition E —>A° + n with 
final particles in F-state. It is impossible to predict the value of É in the 
absence of a complete theory. One can make an approximate estimate, as- 
suming that the interaction has a small definite range. In that case one would 
expect that É has a small value, and as a first approximation one can try to 
assume that all terms proportional to ¢ and £2 are negligible in the angular 
correlation formula (**). 

The angular correlation discussed here of the cascade decays presents 
some advantages with respect to other cases of correlations which require 
the knowledge of the matrix elements at the production. In the present case 
a smaller number of matrix elements intervenes in the angular correlation 
formula, and what seems more important, their ratios are fixed numbers which 
do not depend on energy. It is hoped that only the lowest orbital angular 
momentum is important in determining the correlation, although no rigorous 
proof can be given. Fora comparison with experiment the statistics at present 
are rather poor. It is hoped that such a comparison will furnish important 
information, as soon as data accumulate. 


(*) The general expression can be found in a paper appearing mn Nuovo 


Cimento. . 
(**) The two cases discussed are sufficientiy illustrative; other cases 


sed in the already mentioned paper appearing in Nuovo Cimento. 


are discus- 
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In conclusion, we would like to remark that the viewpoint that the pe- 
culiar properties of the new particles only follow from possible large spins is 
not easily acceptable at present. 
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Data concerning unstable fragments or hyperfragments are poor—espe- 
cially poor if we restrict ourselves to the data already published and also if 
we take into account that these data do not correspond to one kind of process 
but rather to a class of similar but no identical processes. It seems that it 
is too early to speak about more detailed features of this phenomenon, so I 
shall try only to stress these features which are better defined. Looking how- 
ever through the available material I am impressed by some general aspects 
of this phenomenon and I want to say a few words about them. 

The first impression is that there are signs for some regularities in this 
complex problem—regularities diffused and foggy at present, which may 
however in a closer contact take a more definite shape or else disappear. 
There seems to be, for instance, some indication concerning a statistical de- 
pendence between the velocity of the emission of hyperfragments and their 
charge, the energy of interactions leading to hyperfragment production and 
the charge of emitted hyperfragments, we observe a large number of fast 
protons in the non mesonic decay of hyperfragments, hyperfragments seem to 
be preferentially emitted in the forward direction vs. primary. 

The second impression is that while it is too early to discuss such signs of 
regularities—it may be of interest however to keep them in mind when new 
observations are done, or old ones re-examined. It happens frequently that 
some available information escapes our attention—information which it might 
be possible to collect analyzing more in detail the events already examined 
For instance, only in a few cases a closer analysis of stars leading to hyper- 
fragment emission was done, in few cases the angle of emission of hyperfrag- 


ment vs. primary has been given. 

The third impression is more closely related to the hyperfragment problem 
itself, Observing the production and the decay of these nuclear structures 
which according to the meaning given to the term « hyperfragment », contain 
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among their constituent parts a particle different from nucleons, a hyperon, 
of may be even some other «strange particle », we have the possibility of 
following some processes in a «tracer like way ». This seems to apply both 
to hyperons as to nuclear structures in which hyperons might be bound: one 
discusses the possibility of a mesonic decay of a hyperfragment with the emis- 
sion of a r°-meson, corresponding to the hypothetical alternative mode of the 
decay of the A°-hyperon: 


Ao ss =e To 


a process hardly detectable directly [7], one-tries to correlate the observed 
features of A°-particle production with those of hyperfragments [27] consi- 
dering the behaviour of hyperons inside nuclear matter. 

The available data consists of a total of 29 events which have been pub- 
lished till now, and in which the possibility of hyperfragment decay is consi- 
dered [1-25]. In 4 cases of the possible decay of a hyperfragment in flight 
[19, 20, 23], and also in 5 cases in which the track of the supposed hyper- 
fragment is very short (less than 30 um) and where we have no other evidence 
supporting this interpretation [6, 7, 13-15] the identification of the process 
observed is less certain. Neglecting for a moment these 9 cases we are left 
to deal with only 20 events—remembering moreover that cut-off applying of 
may introduce some bias. These 20 events give us some information concerning 
the production ond the life-time of hyperfragment and also their decays. 

There is evidence that two processes are responsible for hyperfragment 
production: interaction of high energy particles with emulsion nuclei (18 cases), 
nuclear capture of heavy mesons (2 cases). In the majority of cases the inter- 
actions leading to hyperfragment emission are observed in plates exposed to 
cosmic radiation at high altitude (17 cases), in one it is the interaction of an 
artificially produced 1.5 GeV x-. In 14 cases the primaries of these inter- 
actions are singly charged, in 3 they are neutral, the remaining one is doubtful. 

All these interactions are characterized by large evaporation. Excluding 
the x--case, the cosmic ray interactions give N, > 8 and N, = 22, pointing 
to the fact that the hyperfragments are observed to be emitted from disin- 
tegrations of heavy nuclei of the emulsion. The number of the ejected shower 
particles is variable within large limits, its average being n, = 9. 

Interactions characterized by short hyperfragment tracks give N, > 8, 
N,=14, n,=3. The comparison of these figures may suggest that short 
hyperfragment tracks are preferencially observed in interactions of lower 
energies. 

A more detailed analysis of the material available may yield some addi- 
tional information concerning the associated emission of hyperfragments and 
heavy mesons, the relative yield of hyperfragment production, and the angle 
of emission of hyperfragments vs. primary. Unfortunately, data concerning 
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these questions are very poor, in one case [18] an associated emission of a 
hyperfragment and a 7* has been observed. In two others [7 | a detailed ana- 
lysis has been made, but no indication of any associated emission was found. 

The analysis of hyperfragment tracks yields data concerning the velocity 
of the emission of hyperfragments, of their stopping time, and, in favourable 
cases, their charge. In all the cases this velocity is low, corresponding to the 
kinetic energy per nucleon from several to several tens of MeV. The time of 
flight ranges from 10-! to 10-1? s being slightly longer for hyperfragments 
with a low Z. These data yield only rough inferior limits as to the life-time 
of hyperfragments: 

104s for 7 <2; 
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Estimating the charge of hyperfragments both from direct measurements 
as well as from the complete charge balance of the decay products, some rough 
indication concerning the frequency charge distribution for hyperfragments 
can be obtained. Comparing such a distribution with the corresponding dis- 
tribution for stable nuclear fragments one finds that the proportion of hyper- 
fragments with charge > 2 is exceedingly large [15]. This marked dissimi- 
larity of the two distributions desappears however if one compares the fre- 
quency charge distribution of stable fragments weighted according to the 
number of neutrons in each type of fragments with the frequency charge 
distribution of unstable fragments. 

In these majority of the better identified cases (18 cases) the energy release 
in the decay of the hyperfragments is consistent with the assumption that 
the particle responsible for their decay is the A°hyperon, and two modes of 
decay are considered [26]. The hyperfragment may undergo either the mesonic 
decay through one of the two reactions: 


(1) A°>p+rn +37 MeV 
(2) A°+n + n° +40 MeV 


or the non mesonic decay through the reaction: 


(3) AP 90 = mg? 4 175 MeV , (97 = nucleon). 


In accordance with CHESTON and PRIMAKOFF [26] the mesonic decay would 
predominate only for the lightest hyperfragments. The experimental data 
discussed show that for hyperfragments with Z > 2 only non mesonic decays 
are observed (*) (9 cases) while for hyperfragments with Z <2 in the majo- 
rity of cases (8 out of 11) the mesonie decay occurs. 


(*) With the possible exception of the Ep, event. 
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There are, however, two observations of Fry’s et al. [21, 22] which are 
in obvious contradiction with the interpretation of the decay process in terms 
of A°-fragments. In the first case [21] the total energy release in the decay 
process is significantly higher than 175 MeV, while in the second [22] an 
emission of a heavy meson is observed among the secondaries. According to 
the authors the existence of heavier mesons (m, < 1075 m,) or heavier hyperons 
(m, < 2910 m,) needs to be postulated. 

In favourable cases a detailed analysis of the decay process allows better 
identification of the whole reaction, the identification of the charges and 
masses of the particles involved and the evaluation with not unreasonable 
accuracy of the binding energy of the A°-hyperon in the hyperfragment. Such 
favourable cases occur predominantly among the lightest hyperfragments 
undergoing mesonic decay, where the probability of all decay products being 
charged is greater. 

Out of the 8 mesonic decays in 4 instances the charge of the 7--meson is 
unambiguously determined (three o-star, one p-meson) while in the remaining, 
the total charge balance points to the fact that in all cases the emission of a 
negative m-meson is observed. 

A more detailed analysis of these cases gives: 


1) In 2 cases [1, 18] a decay of *H* is considered with an energy release 
corresponding to the binding: 


= (0.7 +1) MeV, 


0 


B 
By = (0.3 + 4) MeV. 


2) In 3 cases [2, 24, 25] the decay process is not so well defined and 
may correspond to *H* as to ‘H* decay. 


3) In 2 cases [3, 17] the decay of the ‘He* occurs yielding: 


Bi= (2 


- 1) Mev, 


| 
È 
(0 0) 
| 


B, = (2.8 +1) MeV. 


4) In 1 case [4] the decay process is not so well defined and may cor- 
respond to ‘He* or 7Li* yielding alternatively : 


B,(*He*) = (8.8 + 4) Mev, 
B,("Li*) = (8.3 +4) Mev. 


There is no evidence for A-deuterons as well as for the x°-mesonic decay 
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of the hyperfragments, both processes being however rather difficult to be 
observed. 

The cases of non-mesonic decay are rarely suitable for such an analysis. 
From the 12 cases under discussion only 2 [9, 12] give some information con- 
cerning the A° binding. 

The energy of nucleons emitted in the non-mesonic decay of hyperfragments 
ranges from few to over 100 MeV containing a significantly larger fraction of 
high energy protons in comparison with those of o-stars. 

The number of events interpreted as hyperfragment production and decay 
grows rather quickly—and one may hope that in the near future this number 
will be more than tripled—allowing a closer approach to the problem. 
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[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 2, 550 (1955). Qui riportiamo solo il riassunto. N. d. R.]. 


Summary. — Six events interpreted as disintegrations of hyperfragments are de- 
scribed. Five of these are associated with releases of energy which are consistent with 
the values measured by other authors and all could be interpreted as system of nuc- 
leons containing a A°. One (event 6) can only be interpreted assuming that the bound 
hyperon is a 2 or a more massive particle. This hyperfragment is emitted from a 
star from which a K-particle is also emitted. The hypothesis of a bound E° is briefly 
discussed together with possible disintegration schemes and the Q-values relative to them. 
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(Reported by J. CRUSSARD.) 


The emulsion group at the Ecole Polytechnique has recently observed four 
light nuclei showing the typical mesonic decay of a bound A°. In addition, 
5 or 6 hyperfragments having non-mesonic decay have been found (one light 
nucleus and 4 or 5 heavy recoil nuclei). 

The four mesonic decay events appear to give only charged particles, thus 
making possible checks on momentum and energy balance. 

Two of them were found in a stack flown at high altitude in Texas, two in 
plates exposed in the 6.1 GeV proton beam of the Berkeley bevatron. 

Table I shows the data concerning these events. The four 7°s are steeply 
dipping (> 45°). Three of them stop in the stack. The fourth (F,) leaves the 
stack after 34.3 mm with a residual range of (7 4 


2) mm (from grain counting, 
by comparison with stopping 7-mesons). In the range measurements of those 
steep tracks, corrections for distortion were often necessary; they were made 
in each plate by using other steep tracks, assuming that the true direction of 
a track is the direction at its surface end. 

The energy of the 7°s and protons is derived from the range-energy curve 
of BARONI et al. [1], corrected for the difference between the probable den- 
sity (3.85) of our emulsion and the density (3.92) for which the curve is cal- 
culated. 

The error on the energy includes straggling, the errors in the measurement, 
an uncertainty of 3% on the thickness of the plate and an additional error 
of 2% on the energies to account for the fact that the humidity of the emulsion 
and the position of the range energy curve are not known exactly. The binding 


energies are calculated assuming @ = (37.2 + 0.02) MeV for the decay of 
the: A°: 


HYPERFRAGMENTS 


TABLE I. 
Hyperfragment Secondaries | | : > 
È | al SA | Binding energy, 
°° | Parent z | Range wature| Rango Energy | Interpretation of the A° 
star (um) | (um) (MeV) (MeV) 
E. |16£2p|1 | 740 To” 18540 |33.1+1.1| *H*—> p+p+a- 
=| IS D 
p Dy 4.1 8H* > 2H+p+n- O: 
recoil ZU 0.1 
EB, | 20-L0p) 2 || 144 geni 8850 | 21.2+0.8 |4He*> 3He+p+77 
or p 445 8.6 (lakes Nel Si) aa {6.8 +0.9 (He) 
3 recoil ik sen f 0.6 (He) ("Li *- 6Li +p+7- 7.1 +0.9 (Li) 
: Pose epr 
- È F bi ane ee ee x EE a i E la 
LE 6+0n | 1| 384 TE 34300 | 54.5+2.4 4H *> 4He+ n Opi 
| [*He] 8.7+1 DIES 
F, 264+2p|[2]| 36 TE 13350 | 27.0=-1.0 | 
p 139 | 4.7+0.1 |]He*—> 4He+p+x- DESIO 
[*4He] | 13.4+1 3 4 0.2 


| 


[] 


means deduced from the conservation laws. 


1) F;: The gap density on the track of the hyperfragment indicates 
clearly a particle heavier than a proton, not a K-. The direction of the very 
short recoil track seems to agree roughly with a 3-body decay. In this case, 
as it is not radioactive, the only possibilities are: *H* >p + p+ 7° and 
sH* >2H+p+7x-. The presence of (H* — p + 
+p+n +7) seems unlikely, because of the high value of the total visible 
kinetic energy. This event indicates at any rate a very low binding energy 
of the A° with proton or deuteron. 


an additional neutron 


2) F,: From the absence of gaps and the presence of 3 $-rays on the 
track of the hyperfragment, only Z = 2 or 3 are possible. The direction of 
the recoil track is better defined here than in F;; it is opposite to the sum of 
the momenta of the two other charged particles, within the error of measu- 
rement. But the recoil track is too short to allow a choice between the pos- 
sible decays indicated in the table. This event is very similar to the first ob- 
served case of mesonic decay [2] and yields the same binding energy of the A° 
(around 7 MeV). 


3) F,: The decay star consists of two colinear tracks, a 7 and a recoil 
track of 8.7-+1ym. The track of the fragment indicates Z = 1. The x is 
therefore a =~ and the recoil nucleus must have Z = 2. The recoil being stable, 
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the only possible two-body decays are *H* > *He + x al'd3H*> @He 1s. 
In the first case, the energy of the 7 would be < 34 MeV, its range < 20 mm, 
which is much smaller than the observed 34.3 mm in the stack. On the 
contrary, the maximum energy of the 7 from the second reaction is 54.6 MeV 
which is very near the observed value. The momenta of the x and of the 
recoil track, assumed to be a ‘He, are (135 + 3.5) and (137 + 7) MeV/c respect- 
ively. The interpretation of this event as the decay of an excited *H ($H+A°) 
is therefore very safe. The binding energy of the A° is low. 

This event was found just when we received R. H. DALITZ’°S recent note 
on hyperfragments, predicting from charge independence the existence of 
the 4H*. This event and the two other cases which have also been found 
recently seem to support strongly the assumption that the A° has isotopic 
spin 0 (or at least integral). 

4) F,: The hyperfragment is too short for a determination of its charge. 
But the recoil is here comparatively long. The three secondary tracks are 
coplanar. The momenta balance agrees well if the second is a proton and 
the third an helium, and only in this case. We have thus the choice between 
4H* > He + p+ x and 5He* >‘He + p+ x. This choice can be made if 
we observe the length of the recoil track; the momentum of the helium nueleus, 
deduced from the momenta of the ~~ and of the proton, is (159 + 5) MeV/e. 
Using the range energy curve given by STEIGERT at al. [3] for «-particles in 
Kodak NTA emulsions (very similar to G.5), this momentum corresponds to 
(19.2 + 1.6) um for *He and (12.1+0.5) um for ‘He. The observed range being 
(13.4+1.0) um, *He is impossible, and this event must be the decay of an excited 
‘He. The binding energy of the A° is again rather weak (2.1 + 1.0) MeV. 


Among all the mesonic desintegrations of light hyperfragments which have 
been observed, the most frequent type seems to be a three-body decay into z-, 
proton and a stable recoil nucleus. This gives the feeling that the emission 
of those hyperfragments should probably be pictured as the picking up of 
a A® by an ordinary fragment (generally stable, as most fragments emitted 
in stars are), rather than as the constitution of a nucleus in which a A° replaces 
a neutron. It would be better, for instance, to write *HeA® instead of 5He*. 
As an example, if this is true, we should never see the *Li* (or 5LiA°) decaying 
into r7+p+p+% but we would eventually observe the ‘Li* giving 
nm +p + Li. 


REE REN Cans: 
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Analysis of Stars Leading to Hyperfragment Emission. 


P. Criok, M. DAnysz, J. GreRULA, E. SERZYPOZAK and A. WROBLEWSKI 


University of Warsaw - Warsaw 


Ilford G5 plates, 600 um thick irradiated at high altitude were systematically 
scanned for double stars interconnected with heavily ionizing particle tracks 
(excluding hammer tracks). During this scanning 80 double stars have been 
found, from which 20 were identified as co stars, 51 as interactions with emul- 
sion nuclei, 5 as hyperfragments (Hf*), and 4 as doubtful hyperfragments. 

As the scanned volume of the emulsion corresponds to 25000 stars of 3 or 
more prongs, the results obtained indicate that the relative yield of hyper- 
fragment emission under the conditions of the experiment is of theor der of 
2-10-* Hfr/star. 

Data concerning the 5 cases of hyperfragment decay are already published 
and referred to as events Ww,.; in the Padva Conference Report [1]. The 
results of a further systematic analysis of the primary stars of these five cases 
are summarized in the encl sed Table. 


TABLE 
n 3 Identification Secondary | 
| Hfr K- Hir | No. of 
NT son angle identif. 
Pont Type | angle SA a wore | | 
of star | vs pri- jangle vs vs K- second- 7 |x p d Anes 


mary primary meson aries | 


IO) 
a 
x 
jes 
Ran 


Ww, | 38+4p | 148° 137° 340 1 | 
Ww, |-29*#17p| 66° | — = 34 = 
Ww, | 21+16n, 69° | — — | 

Ww, | 17+1p | 126° = — 
Ww, |21+18p| 320° | -— = 


— \- 2 light part. | 
icles ** 


O N 
ow 


re (99: IN 
= 

| 
aa we 


(*) Angle vs the shower axis. 
(**) Presumably an electron pair. 
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In the three cases where the masses of the secondaries suggested a K-meson, 
grain-density and scattering were re-measured yielding: 


Ww; (ORE 0) m, first layer of emulsion 
RA ai 91% +470 Sogna ; 
pez. m, facing plate 


Ww, ni 40052400), 


Ww; m = (1350 + 350) may. 


As the errors quoted are statistical only and no precise calibration of the 
plates was available we consider only the first result (Ww,;) as suggesting an 
associated K-meson emission. 
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This communication contains an attempt to analyse two events which can 
be interpreted as the disintegration of hyperfragments. A third example is 
also discussed which could represent either a K™ or Y- capture, or a hyper- 
fragment. These events have been found by the Genoa-Vilan groups in the 
Sardinian stacks and in the G-stack. 

Some information on the nature of some very short tracks met with in 
these events has been obtained from measurement of thickness, as described 
by Miss DiLwoRTH [1]. This parameter has already been used by other authors, 
and I should like to recall the werk of Dr. Crussarp [2] on the identification 
of higly charged fragments. 

The data concerning the two events F-GeMi, and F-GeMi, are collected 
im Table I. 

F-GeMi,, arising from the capture of a negative K, as described by 
Dr. SCARSI [3], is 7 pm long (track OO’ in Plate 1). The Committee on Unstable 
Fragments in Padua [4] discouraged the classification of such short tracks as 
possible hyperfragments. In fact, tracks shorter than 20-30 um, leading to 
a secondary star, can be attributed to negative light or heavy mesons or 
hyperons as well as to hyperfragments, unless additional evidence in favour of 


(*) On leave of absence from Istituto di Fisica, Universita di Cagliari. 
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TABI 


Parent 
Stat 


Event 
(um) 


Energy 
per nucl. 
(MeV) 


Time | 
of flight | 
(8) 


Disintegrations Prod 


9) 


4 


F-GeMi, | 
Sardinian 
Stack | 


vw 
+ 
(=) 
é 
SI 
bo 


ne Slates 


p-d-t- 
3.6 + dI 
48 +4 


F-GeMi; | | 5.2 
| G-Stack 27: : 


1.2-10-11 | 


Unident 
Reco 
of 2.5% 


the latter can be deduced, for instance, 
from the nature of the decay. 


In this case the nature of the decay 


is not helpful so we tried to see if meas- 


urements of the thickness of the primary 


track could give the necessary additional 
profile of the 


evidence. 


In Fig. 1 the 
track OO’ is compared with that of the 


last 7 um of a x of the same dip i.e. 36° 
within the error in which the dip can be 
defined or so short a track. A calibration 


0! 


contained in Table II. 


Fig. 1. - Profile of the track of F-GeMi, 
(F, 00’), in comparison with the pro- 


file of the last 7 um of a z= -meson. 


on thicknesses of neighbouring tracks 


is 


Since the shape of the distribution in 
thickness is not yet very well known, the 


errors were deduced from the dispersion of 
measurements on «-particles of the same projected length as the fragment, 


and measured with the samecell size. 


TABLE II. — Mean thickness of the last 7 um of tracks having dip 36°, in microns. 


Parent K ser 
Average of 6 protons 
Average of 6 «-particles 
Track 00‘ 


Average of 3 7 . 
| 


0.86 + 
0.95 + 
1.03 + 0.02 
1.05 + 0.03 


1.13 + 0.04 


0.04 
0.04 


As shown, track OO’ is considerably thicker than that of the T-Mesons, 
and it seems reasonable to assume that it is due to a heavier or multicharged 
particle. It is also thicker than the mean of the proton and x-partiele tracks, 
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i 
È Disintegration scheme a _ By By | 
eV) (MeV) | (MeV) (MeV) | 
= oa _ | De Pia = 
100 4He* > 2p +%n+Q = == a | 
ee 3 ‘He* > p+d+n+@ 13 +3 2 eee 


See Table III. 


which seems to indicate that it is likely to be the track of a hyperframent. 
Kfowever it is of course impossible to exclude that it is a negative hy peron. 

If we accept it as a hyperfragment, the two visile particles ejected in 
the secondary star are the result of a non-mesonic decay. Of the two decay 
products (see Plate), track a) is due to an identified proton (m= (2100 +500) m,) 
) of range (1.02 +-0.02) cm and track db), of range 
The 


from scattering measurements 
(102 +2) um, could be a proton, a deuteron, a triton or an «-particle. 
corresponding energies are given in Table I. 

The angle ab is (16+0.5)°. 

Several assumptions can be made as to the nature of the fragment and its 
disintegration scheme. The two simplest of the possible disintegration pro- 


cesses are the following: 


i) 4He* > 2p+2n+0 (Q > 100 MeV), 


ii) 


I 


+3) MeV). 


‘Het >pid+tn+q (Q = (163 - 


The second one demands a neutron of (454 -- 3) MeV/e momentum to fit 
the dynamics of the disintegration. The binding energy of the A° quoted for 
process ii) in Table I indicates only that the process is possible. As in many 
events of this type it should not be taken and used as a part of the statistics 
on binding energies of hyperfragments, in view of the various other possible 
interpretations of the event. i 

Event F-GeMi, is shown in Plate 2. A heavy particle (F), emitted from a 
4+1p star, comes to rest after a track length of 272 pm and gives rise to a 
r--meson (a) which at the end of its (2.37 + 0.07) cm range gives rise to a 
2-branch o-star, and to a recoil about 2.5 um long (b). The recoil can be 
seen in the enlarged detail of Plate 2. The two secondary tracks are collinear 
can be affirmed by a measure of direction on a track only 


insofar as this 
~ 2 um long. 
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In this case also measurements of track thickness show that the primary 
particle is more probably a fragment than a 7° or K_ or Y . Although this 
track ended in a rather corroded region of 
the emulsion, we were lucky enough to find 
a proton in the immediate neighbourhood 
(~ 200 um away), of the same dip and at 
the same depth in the emulsion. The mean 
thickness of the last 170 um of the track F 
and of the proton are respectively (0.82 == 

-0.02) um and (0.65 -+ 0.02) um. Fig. 2 shows 
sections of the profiles of the two tracks 
between 110 and 115 um from the end of 
the ranges. The difference in thickness is 
evident and seems to be due to the presence 
of d-rays on track F. 

So far no calibration of thickness mea- 
surements on multiply charged particles has 
been made, however we consider that the 
difference in thickness between the track F 
TRARRE and that of the proton is EU st to oS 
track of F-GeMi, (F) in comparison clude that F be the track ofa K or a Y. 
with the profile of a section of the The range of the emitted 7 is very close 


track of a proton (p), in the inter- to that of the =~ from the disintegration 
val 110-125 um from the end of the of 3H*, 
ranges. 


VI 


However the range of the recoil 
in the present case is incompatible with the 
9 yum of the *He from the decay of *H*. 

Among the possible interpretations of this event, the only reactions which 
seem to satisfy the conservation principles of charge, momentum and energy 
are given in Table III, together with the corresponding @-values, binding 
energy of the A° and expected range of the recoil . 


TABLE III. — Possible interpretations of event F-GeMi,. 


Disintegration scheme o) : | J i Bn | By | reco 
(MeV) | (MeV) (MeV) | (MeV) (um) 
‘He* > Lit+m+@Q | 103+40.7| 10 +08 19 | 0.9408 ie 28 
"He* "Lie n +0. 40 4 0:7 | = i eS GaSe Ors ie) 
Lit > "Best 7 Q W401 BOT ro 


The estimation of the range of a recoil of momentum equal to that of the 
mmeson (112 +1.5) MeV/c, is very approximate. In addition the observed 
range must be subjected to a large straggling so that we may consider it to 
be consistent with any of the above predictions. 
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Plate 1. — Event F-GeMi,. Track 00” is the probable hyperfragment, 4 and b the two 


disintegration products. 
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Plate 2.— Event F-GeMi,. a and d in the enlarged detail are the two decav products 
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Dr. SCARSI described an event (GeMi, [3]), which could be interpreted as 
the capture of a K or a Y_. This event is a very good example of the difti- 
eulties met in analysing disintegrations provoked by short range particles. 
In fact in addition to the above interpretation we can also introduce the sup- 
position that the event in question represents the break-up of a hyperfragment 
and precisely that of an excited *H*. Ì 

As stated in [3], the event consisted of a primary particle, probably singly 
charged, 260 um long. The only visible secondaries, enclosing an angle of 
(171 +1)°, were a nm of (30.5 4-1) MeV and an unidentified track of (15+1) um 
range. This disintegration can be interpreted as: 


4H* > 3He4+n+7-+0 (0'—{(35 0,3) MeV) 


in which the neutron would have a momentum of (45 + 4) MeV/c. 

The binding energy of the A° in *H* would be (1.2 + 0.9) MeV, in close 
agreement with that given by the Bristol group [5] onan unambiguous case 
of 4H* >~*He tn +94. 

The latter mode of disintegration should be more frequent than the one 
which fits our event, since it leads to a lower total energy in the final state. 
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Summary. — The results of measurements on a meson-active fragment event found 
in photographic emulsions are given. The event can be interpreted as the mesonic 
decay of either a *H, or 4H, nucleus, containing a bound A°®-particle in place of & 
neutron. In either case, the binding energy of the A°-particle is found to be 
‘= 0.7 + 0.8) Mev. 
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[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento. 2, 542 (1955). Qui riportiamo solo il riassunto. N. d. R.]. 


Summary. — An event is described which consists in a slow singly charged particle 
of superprotonic mass, coming to rest in the emulsion and giving rise to an excited 
fragment and no other visible secondary; after a range of 46 um, the fragment disin- 
tegrates into a proton of 110 MeV and singly charged particle with a range of 300 um, 
which may be either a proton or a deuteron. The event is consistent with the assumption 
that a negative hyperon captured by a nucleus interacts according to the reaction 
Sx + p> A®+ n, the A® remaining bound into an unstable nuclear fragment, all 


other hyperon capture events known up to now are discussed in order to see if they 


could be interpreted as being due to the same reaction. 


(*) On leave of absence from Istituto di Fisica, Universit 


à di Cagliari. 


SUPPLEMENTO AL 
DEL NUOVO CIMENTO 


VOLUME IV, 


SERIE X 


Excited Fragments. 


Ne 2s 9516 
20 Semestre 


J. H. DAVIES, D. Evans, P. H. FOWLER, P. R. FRANCOIS, M. W. FRIEDLANDER, 


R. HiLLer, P. IREDALE, D. KEEFE, M. G. K. MENON, D. H. PERKINS 


and C. BR. PowELL 


H. H. Wills Physical Laboratory - University of Bristol 
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Four examples of excited nuclear fragments will be reported here. 
Details of the first three are summarised in the Table. 


TABLE J: 


Primary 


Secondaries: 
| 
7 ance | : | ano 5 E POV 
Hvyent | Range | y Parestiktari Range Identity nel 
| | (um) | | (um) (MeV) 
| | 
= =: | ‘ae = i pe e = = ee == =. at = PA 
| | | | 
1 28 2-3 23-++ 5p 18.48 mm TT” 35 
1.7 wm recoi | 
2 105 3 20+ In 12.15 mm p 58 
tat um Ds Gl Ww 
8 um p (3) — 
£ = = = È E = | a = = = 
3 149 2 6+-0n 296 um dst _ 
29.07 mm p 97 
PIA = n 4 dI 
| 


In the first example, the main point of interest is the emitted 


To - MesOm: 


which has an energy of 35 MeV. It is not colinear with the short recoil prong, 
and no detailed analysis has been possible. 

All that may be said about the next case is that the primary must cer- 
tainly have charge 3 or more, since three prongs are observed in the secondary 
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star. No estimates of the binding energy are possible since at least two neutrons 
are required in order to balance momentum, 

The third case does permit a reasonable interpretation: 

‘He ->p+dtn 
and for this the binding energy of the A°-particle is calculated to be 


B.E.(A°) = (0.1 + 1.5) MeV. 


Should the primary particle be assumed to be *He, and the short prong to 
be due to a triton, the binding energy for the decay 


5He >pit+n 


turns out to be (17 + 1.5) MeV. The identification as *He is therefore preferred. 


An excited *H fragment. 


This fragment is emitted from a star of type 22+3p, and comes to rest 
after travelling a distance of 268 um. There it gives rise to a two prong star. 
One of these prongs is due to a negative 7-meson which stops after 38.22 mm 
and produces a three-prong o-star; the other prong is short (8.5 um) and 
heavily ionizing. Both prongs are colinear within the errors of measurement 
(178.5 +3)°. The event can be interpreted as the mesonic decay of a iH nucleus 
containing a bound A°-particle in place of a neutron, according to the mode: 


iu Dea eG 


From the observed ranges of the particles, the energies and momenta are 


calculated to be 


Energy Momentum 
T-meson (53.0 + 3.5) MeV (133 + 2) MeV/c, 
x-particle ( 2.5 + 0.05) MeV (137 + 2) MeV/c. 


The momenta balance to (4 + 4) MeV/c, and this strengthens the identifi- 


cation of the short prong as ‘He. 
The binding energy of the A°-particle is then calculated to be 


B.H. (A°) = (1.2-+ 0.8) MeV. 
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At this meeting, two other examples of such a decay have been reported 
(by the Paris and Oslo Groups); the ranges of the secondary particles are very 
closely grouped and the small differences in the calculated binding energies 
may be explained by the different range-energy relations and A°-particle 


Q-values used. 
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Three Hyperfragments from Oslo and Copenhagen. 


OsLo and COPENHAGEN GROUPS 


Institute of Physics, University - Oslo 


(Reported by P. H. Fow er.) 


I wish to report 3 very good examples of the decay of hyperfragments. 

The first I am reporting for Dr. S. O. SORENSEN of Oslo. The event was 
found in a stack of plates 
flown in Sardinia. Fig. 1 . dida 
shows a drawing of the 7 - i SACE 
event. The primary star E TOO: 
is at A. hae: eee 

Track B is the presum- ; 
ed 4H* it ends at C after i La 
undergoing scattering of qua È > 


about 90°. From the end . è OI È 
emerge two tracks that a \ A I 
ae 


are colinear to within the 5 n 

limits of measurement. . x n 
Track CE is that of a 
=--meson with a range of i Ogata i x 
37.6 mm which produces a .* AO «ul N a 

star in the stack. Track IR i 

CD is 5.6 um long, You 3 - 

will see that it is identical : . 

to the other 2 events re- : 

ported at this meeting by REI 

Francois [1] and Dr. Se i e E i 


CrussarD [2]. Thus we Fig. 1. 
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may be very sure that the three events have been interpreted correctly, and 
so that we are truly dealing with 


"E cn i 4 
5H* > + He, 


The value of the Q for this event is 54.5 MeV using the range energy re- 
lation of BARONI et al. [3]. This gives a value of 2.2 MeV for the binding 
energy of the A° in {H*. The momentum ba- 
lance is excellent. The 7 having (132 + 
+ 1) MeV/c, and the 5He (130 +6) MeV/c. 

The other events were found and analys- 
ed in Copenhagen. They occured in a stack 
flown over South England. The 2nd event is 
sketched in Fig. 2. The three tracks are co- 
planar, but the check is weak owing to the 
small angle between tracks B and C, 7. e. 
13.40 + 1.00. The ènergy of the x, track 
C, is (22.1 + 0.45) MeV/c, and track B, if a 
proton, is 6.65 MeV. Taking B to be a pro- 
ton track, the result transverse momentum 
perpendicular to be the short track A is 
(8 +6) MeV/c. This is consistent with momentum balance. The component 
along track A is no less than if we assume no neutral particles to have been 
emitted, then track A if produced by ;He, should have a range of 21 um, 
or if produced by {He should have a range of 32 um. 


Tonno. 


The observed range is 22 um. }He is the only particle which has R ~ 22 um 
for a momentum of 191 MeV/c. 
Thus we interpret the event as: 


>He* > x +jH + 5He + (34.1 + 0.6) MeV. 


This gives (2.8 + 0.6) MeV for the binding energy of A° in 
If we try to make an alternative analysis such as 


He*. 


5 
2 


ib* n+ 27H +m +90 


we obtain very high Q-values because of the large resultant momentum of 
tracks A and B. Hence we get negative binding energies for the A°. There 


is however one further decay scheme that one cannot exclude on energetic 
grounds, that is 


sHet + TH en + ae 0 | 
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In this scheme the neutron is left with ~ 8 MeV/c of momentum, or less than 
~ 30 keV, which seems improbable. 

The event gives a rather accurate value for the Q, if interpreted as >He*, 
because of its geomet y which reduces the effect of errors in angle measure- 
ment to a low figure, and because the 7- had a smaller energy than usual in 
hyperfragment decays. 

The event may be compared with that just reported by Dr. CRUSSARD [2], 
the two resemble each other rather closely, and give the same value for O. 
We may thus be more confident in these results, which are the first two cases 
reported of the decay of 3He* 

The third event we interpreted as a decay in flight od *He*. 

Fig. 3.shows a drawing of the event. i 
From ò-ray measurement only, [4] ae 
taken over the 5mm of track of the 
hyperfragment we conclude that 


Z = 2.05 + 0.15, 


and that there is (350+100) um of 
residual range missing. According to the 
d-ray the probability that it was at 5 


rest when it decayed is less than 10-4; n i 
there are two small d-rays within 10 pm -- Da 

of the decay for example. Track © is La terso 
a a of residual range 10.04 mm pro- A 

ducing a 4 prong star when brought 

to rest. If the event is interpreted as soum 
a decay in flight, and if track d is taken bis 
to be a deuteron, the resultant mo- i E b a 
mentum of the 4 tracks is within 0.6° RITI VAR 
of the direction of the incident excited E 
helium. The transverse momentum is Fig. 3 

im fact (4+5) MeV/c. We take this 

to mean something, and so exclude the event being a nuclear interaction of 


a *He* nucleus. 
The interpretation we give is therefore essentially based on this lack of 
transverse momentum and is 


‘He* > n- + 21H +2D + (29.8 + 0.5) MeV 


Hence the binding energy of the A° is (1.7 + 0.5) MeV, which is in very 
agreement with the two other published case [5, 6]. 
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The residual range at decay calculated from the momenta of the 4 second- 
aries is 250 um, with which the 3-ray evidence agrees. One cannot exclude 
that the event is a decay in flight of 4He* > n + 3IH + + Q, and that 
the momentum balance is fortuituous, but this seems improbable. 

It is of interest to note that this event gives an accurate Q-value because 
it decaved in flight and there were therefore no slow secondaries; as a result 
angles could be measured well. The 77 went backwards in the C system, and 
so the error in Q due to its straggling which is always a major item was smaller 


than usual. 
The errors quoted do not include any systematic errors in the range 
energy relation of BARONI et al. that was used. 


REFERENCES 


fl] J. H. Davies, D. Evans, P. H. FowLER, P. R. Francois, M. W. PRIEDLANDER, 

R. Hircerz, P. IreDaLe, D. Kxere, M. G.-K. Menon, D. H. PERKINS and 

C. F. PoweLL: this issue, pag. 628. 

[2] J. Crussarp, V. FoucH£, G. Kayas, L. LeprRince-Rineurnt, D. MorELLET, F. 
RENARD and J. TREMBLEY: this issue, paz. 616. 

[3] G. BARONI, C. CastAGNOLI, G. CortINI, C. FRaNzINETTI and A. MANFREDINI: 
CERN Bureau of Standards, Bull. No. 9. 

4] A. D. DArnTON and P. H. FowLER:, Proc. Roy. Soc. A 221, 414 (1594). 

5] R. D. Hic, E. 0. SoLant,;M. Wipcorr, L: S. OsBsorne; A] PEVSNER, DO Me 
Rirson, J. CrussarD and W. D. WALKER: Bull. Am. Phys. Soc., 29, 60 (1954). 


SUPPLEMENTO AL VOLUME IV, SERIE X Ni 250 L916 
DEL NUOVO CIMENTO 20 Semestre 


Non-Mesonic Decay of a Hyperfragment. 


D. HIRSCHBERG and L. HIRSCHBERG 


Laboratoire de Physique Nucléaire de V Université - Brussels 


(Reported by R. LEVI SETTI.) 


From a star (12-+6p) a very heavy fragment (F) is emitted (Fig. 1). After 
70 um it comes to rest showing the characteristic thin-down of the multiply 
charged tracks, and gives rise to a 
star with 5 charged products. One 
of them is a certified proton (p); 
two of the shortest tracks could be 
z-particles. The total visible energy 
is about 110 MeV. 

The event can be interpreted as 
the non-mesonic decay of a hyper- 
fragment: its charge was at least 5, 
and it could have been as high as 7. 
No detailed analysis is possible on 
this rather complicated event. The 
identified proton has a range of 
92.05 cem and an energy of 79 MeV: 
it falls in the high energy tail of the 
energy spectrum of protons emitted 


osti: in non-mesonic decay. 
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A Cloud Chamber Observation 
of a Single Charged Unstable Fragment. 
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A. MICHELINI, G. C. MoNETI, E. ZAVATTINI and A. ZICHICHI 


Istituto di Fisica dell Universita - Roma 
Istituto Nazionale di Fisica Nucleare - Sezione di Roma 


Jie es ASTBURY 


The Physical Department, University College - London 


[Il testo completo di questo lavoro è stato gia pubblicato come lettera 
nel Nuovo Cimento, 2, 365 (1955). Qui ne pubblichiamo un breve 
riassunto. N.d. R.). 


Summary. — In a series of 30000 cloud chamber photographs taken at Testa 
Grigia (3500 m a.s.1.) were found 20 three prong stars in the gas. Two particular events 
ot this type are discussed. It is shown that one of them, if not a chance coincidence. 
may be interpreted as the mesonic decay of an unstable hydrogen isotope. Of the other 
event, if it is not a nuclear interaction of a very unusual type, the least unsatisfactory 
interpretation seems to be that it is a z-decay in flight. 
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On the Binding Energies of Very Light Hyperfragments. 


F. Dumio 


Istituto di Scienze Pisiche dell Universita - Milano 
Istituto Nazionale di Fisica Nucleare - Sezione di Milano 


We have considered, from a theoretical point of view, but in a very simple 
and rough way, the problem of the binding energy of very light hyperfragments, 
namely the excited nuclei #H*, *H*, ‘H* and *He*, *He*. 

On the basis of the fundamental idea, common to almost all the theories 
which try to explain the features of new particles, i.e. that the strong inter- 
action between A° and nucleons is mediated by heavy mesons, we assume that 
this interaction can be represented by a protential well, of the same type of 
the potential well which representes the interaction nucleon-nucleon via 
x-mesons, but with different parameters 4, range, v,, depth (a, and  res- 
pectively for nuclear forces). We assume 


Voto = Vida = << 9° 


(this relation can be obtained for a Yukawa well related to a static, first order 
perturbation treatment in a scalar meson theory). 

With elementary methods of calculation [1] (square well for 2H*, varia- 
tional method with gaussian potentials of Majorana type and simple trial 
functions for other systems), we obtain the following qualitative results. 


1) The system 2H* has no bound state and similarly the hypothetical 


system A°-n. 
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2) The system *H*, ‘H* have binding energies greater by a very small 
amount, respectively, than the binding energies of 2H and 8H. That means 
that the binding of the A° is small (and probably greater in the 4H”* than in 
coe 8H): 


3) The same conclusions are valid for 8He*, ‘He*. 
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On a Mathematical Formulation of the Gell-Mann Model. 


B. D'ESPAGNAT and J. PRENTKI 


CERN - Geneva 


The model of Gell-Mann [1] has a very great virtue in that it agrees with 
experiment. But, as it stands, it contains quite obviously a lot of arbitra- 
riness in that the relation Q(/3) varies in a strange way from particle to part- 
icle: a general formula is: 


(1) Q=I + U/2, 


where U is in some cases 0, in some cases + 1 or —1. These values are pre- 
cisely chosen in each case so as to account for the metastability of each particle. 

We have searched for a kind of theoretical guide that would help to remove 
this arbitrariness [2] and we looked in the following direction. 

Let us consider as usual two spaces: the ordinary and the isotopic space. 
A Gell-Mann particle can be a spinor (that is a fermion)-spinor, a spinor-tensor, 
a tensor (that is a boson)-spinor or a tensor-spinor, the first qualificative re- 
ferring to the ordinary space the second to the isotopic space. It is postulated 
that, concerning strong interactions, the theory must be Lorentz invariant 
and invariant under rotations and reflections in the isotopic space. Two kinds 
of spinors in isotopic space must then be introduced. Loosely speaking, to 
the quanta of these fields correspond the notions of isofermions and antiiso- 
fermions (see reference [2]). 

No mathematical considerations will be given here. It can be shown that 
from this starting point one can deduce, in a consistent way, the existence 
of a new constant of motion U and find its value for any of the types of fields 
considered. The result is that U takes precisely the values that were postu- 
lated in (1) by GELL-MANN for the various particles. One is therefore led to 
a theory which is quite equivalent to the Gell-Mann model. However U is 
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not postulated any more for each particle separately but deduced from the 
theory. Only the relation (1) is postulated. 
Tt can be shown that in our language: 


bo 


( 


) U = number of isofermions minus number of antiisofermions so that the 
rule of conservation of U resemble very much the well known rule for 
the conservation of baryons; 


(3) N= number of baryons minus number of antibaryons. 


In other words, each particle is either 


fermion N= 1 TN ae ANI 
or antifermion N=— 1 iy ING ty te! 
or boson N= 0 vise WW) 
and simultaneously 
isofermion U= 1 A Wan wel 
or antiisofermion U=— 1 ‘ie As fe 
or isoboson irs 0 TO MUNG eas, BA 


Then the rules of Gell-Mann can be also formulated as follows: The strong 
and electromagnetic interactions conserve Q, N and U. For example: 


m+p—>Z + 04 


is 00 AS allowed, 


forbidden. 
Finally it may be pointed out that in our theory it is quite difficult to 
introduce particles having a U such that |U|> 1 (this, by the way, is con- 
sistent with [2). 


Therefore it seems very likely that 


|U—N|<1 for bosons, 
il nag | - “i . 
|U=N|<2 for fermions. 


U — N is just the «strangeness » (see GELL-MANN’s report in this issue 3) ee i 


our theory has some truth it may therefore well be that one has already reached 


the maximum of «strangeness», This however would not mean that there 


» 
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can exist no more particles than those we know, for may be,other quantum 
numbers, related to the ordinary space [4], will be operating. 

These considerations show at any rate that the Gell-Mann model can be 
put in a mathematical form. 
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The Properties of the Heavy Unstable Particles. 


R. W. THOMPSON 


Department oj Physics, Indiana University - Bloomington, Indiana 


Introduction. 


This morning’s session will be devoted to a general discussion of the exper- 
imental results and their theoretical interpretation. Unfortunately, Professor 
POWELL, who was to have presided at this final session, was obliged to return 
to England. We will thus miss the penetrating and authoritative analysis, 
eloquently delivered, to which we had all looked forward. 

This Congress has been outstanding in the number and excellence of the 
papers presented. Clearly it will not be possible in this brief summary to touch 
on all this material, much less to give it proportionate coverage. In particular, 
I shall have to omit discussion of the many new advances in experimental 
technique which were reported here. Such technical advances are not easily 
made, and I fear it is too often forgotten how closely the advances in our 
knowledge of the particles themselves are tied in with and depend on the 
technical means available. I am reminded of Professor BLACKET?’s closing 
remarks at the Congress of Bagnéres-de-Bigorre wherein he anticipated that 
the then extant controversies would greatly stimulate development of tech- 
niques of improved accuracy. The fruits of these technical advances have 
been manifestly evident here at Pisa. 

One of the central questions, about which we have had extensive discussion 
at this Congress, is that of the exact masses of the K+-mesons. Very precise 
methods, both «direct » and «indirect », have been described in some of which 
the variance of the result is believed to be as low as 5 m,. However, as has 
been repeatedly pointed out, there are residual systematie errors due to un- 
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certainty in the range-energy relation, scattering constant, and other factors. 
At the present time, uncertainties cf this type limit the accuracy with which 
the absolute values of the K-particle masses can be given. We will not attempt 
here to summarize the various discussions and analyses of the range-energy 
relation, since, in the opinion of this author, these did not lead to any appre- 
ciable clarification of the situation. Experimental verification of the range- 
energy relation, in the appropriate velocity interval, is urgently needed. 

Actually, the present unusual interest in the precise values of the K* masses 
derives from the question of the identity of the K-particles. A difference in 
mass is, of course, a sufficient (but not a necessary) condition that the particles 
parent to the decay modes concerned are not identical. The precise absolute 
-alues of the K masses, being natural physical constants, are of intrinsic 
interest. However, as far as the apparent K-meson degeneracy is concerned, 
it is the mass differences which count at the present time. 

The most definitive measurements of mass differences are those reported 
here from the Berkeley K-particle spectrometer. In this work, a magnetically 
focussed and analyzed beam of K*-mesons is allowed to impinge on an emulsion 
stack, so that direct comparison of the ranges of the K*-mesons parent to 
the various decay modes can be made. With this method, essentially the 
comparison of the ranges of particles of the same momentum, the existence 
of a range difference is unambiguors proof of non-identity, independent of 
the range energy relation, and independent of the straggling in range induced 
by nuclear interactions. On the other hand, the equality of the ranges implies 
equality of the parent masses; the only exception apparently being the remote 
possibility that a very small difference in mass is exactly counterbalanced 
by a difference in nuclear interactions so that the observed mean ranges come 
out equal. 

The best known K+ mass is that of the 7*-meson. Accordingly, for the 
masses parent to the other decay modes, the measured mass differences rela- 
tive to the ++ will be given. The result, as will be discussed later, is that the 
Bevatron group does not as yet find any evidence for mass differences. 

In Part I, we will take up the intrinsic properties of the hyperons and heavy 
mesons, whereas in Part II we will discuss production and nuclear interactions. 


I, - The properties of hyperons and heavy mesons. 


In Part I, we take up the intrinsic properties of the new particles—their 
masses, decay modes, spins, parities, and lifetimes. In Section 1 and 2, we 
will discuss the hyperons and K-mesons, respectively. Section 3 will contain 


several miscellaneous topics. 
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1. — The hyperons. 


11. A°. The existence of a neutral unstable particle which decays into 
an ordinary proton was first suggested by the Manchester group [1] using the 
Blackett electromagnet. There is a variety of detailed evidence from many 
laborator.es that the decay scheme 


(1) A>ptr 


is indeed correct. I believe all groups are agreed that the problem of the 
(normal) A°decay scheme has reached a relatively stationary state. The evi- 
dence is well-known, and discussion of it need not be repeated here. 

The cloud chamber. determination of Q = (37 +1) MeV [2] (*) has been 
confirmed by the emulsion work of FRIEDLANDER et al. [3] based on range 
measurements on the decay fragments. These authors give a value Q=(36.92 + 
-0.22) MeV, the error quoted being the purely statistical standard deviation 
of the mean. To obtain the total uncertainty, this statistical error must be 
combined with the error resulting from the uncertainty in the range energy 


relation, which, following the discussion given by AMALDI (cf. I-2'1.1) we take 
as 2% of the Q-value. Thus we have 


0 =137 S-1) Mey. 


The corresponding mass of the A° hyperon is 


It follows from decay scheme (1) that the A® has half-integral spin, but 
the magnitude of the spin is not yet known. Preliminary evidence for angular 
correlations in production, which would be indicative of a high spin, has been 
reported by the Brookhaven group [4]. Unfortunately, data from the hydrogen 


(*) Q-value determinations for A°-decay have been reported by a number of mag- 
netic chamber groups, e.g. Manchester ((42*3) MeV), Indiana ((374+1) MeV), and C.I.T. 
((37.7 -1) and (35.9 +1) MeV). In view of the maximum detectable momentum, method 
of data reduction, and checks of optical distortion, the Indiana value of 37 MeV is 
probably the most accurate. The M.I.T. data, obtained with a multiplate chamber 
and the method of intersection of range «limits », is consistent with a unique Q-value 
of 37 MeV. In view of the recent statistical analysis of range estimation by the Paris 
group, the status of the M.I.T. work is not known to the present author. At this 


Conference, FRETTER reported an accurate new magnetic chamber determination 
(36.7 + 1.0) MeV. 


THE PROPERTIES OF THE HEAVY UNSTABLE PARTICLES 645 


chambers is still very scarce. On the other hand, several groups have searched 
for angular correlations in production in heavy nuclei, where the available 
Statistics are much better: the results being uniformly negative. However, 
the interpretation of these results is uncertain, since angular correlations, if 
present in the elementary interactions, may be destroyed by collisions within 
the interacting nucleus. In his paper here, DEUTSCHMANN pointed out that 
the analysis of angular correlations should be restricted to interactions in 
which small numbers of heavily ionizing particles are produced, since such 
interactions would be expected, on the average, to be of a more « elementary » 
character. GATTO has suggested that a study ef angular correlations in the 
cascade decay E° — A® + = could yield information about the spins and 
relative parities of both hyperons concerned, and that this method has certain 
advantages. 


Our knowledge of the mean lifetime of the A° hyperon is derived from 
analysis of the spatial distribution of decay points as observed in cloud chambers. 
The data of a number of groups have been combined by PAGE [5] who gives 
the mean value 


ON (301 


0.5) 


There is no evidence as yet for the alternate decay mode 
A9 SME =) 


although it must be remembered that this process would be difficult to detect 
since all the particles involved are neutral. 

There were some earlier reports of A*, a positively charged counterpart 
of A°. These have not been confirmed by further work. Also, the earlier 
i evidence ad nits alternate interpretations; for example, the decay X'->p +79, 
or coulomb scattering of slow protons. There is no evidence for the existence 
of a negative counterpart of the A°. 

The Pasadena group has reported a number of Q(p, 7) values which are 
higher than 37 MeV and a few which are lower [6]. THompson et al [7] showed 
that an asymmetric distribution of this sort could be explained in terms of 
errors of measurement. The more recent work of VAN Lin’ et al. [8] with the 
48 inch magnet indicates that the number of abnormal Q-values is much smaller 
than was previously reported. Thus, the discrepancy with work of other groups 

is removed. However, there remain a few examples and there are a few new 
| examples, both with the 48 inch and 22 inch magnets at Pasadena, which 
i are not easily explained in terms of large errors of measurements. 

Various conjectures [9] have been made to account for fhe phenomenon, 

but as far as the present author is aware there is no specific evidence for or 


against any of these. 
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12. Y. Our present knowledge of the X hyperon category has come from 
the work of many different laboratories, perhaps more so than in the case 
of any other particle. The observations are of a number of types, depending 
on the charge and velocity of the parent hyperon, the decay mode, the tech- 
nique of observation, and the source of the particles. 

It is provisionally assumed, and there is no evidence to the contrary, that 
the hyperons parent to the decay processes Y* > 7° + n and YYt> pi 7° 
are one and the same particle, X*; and that the hyperon parent to the decay 
Y ->n- + n is the negatively charged counterpart, 27: It is well-known 
that these assumptions may be questioned, therefore no discussion of this 
question of identity need be given here. 

I an greatly indebted to Dr. FRIEDLANDER for collecting the data of the 
emulsion groups and for his critical comments upon which many of the remarks 
below are based. 


1°2.1. The decay process 


(2a) xtent4n. 


Since the first evidence for decay at rest of a charged hyperon with emission 
of a fast charged secondary by the Milan group [10], many examples of this 
type have been found. The sign of the charge has provisionally been assumed 
to be positive since decay rather than capture occurs (cf. II-4). The pf values 
of the charged secondary group in the neighborhood of 150 MeV/c, indicating 
a two body decay. The neutral fragment is found to have a mass in the 
nucleonic range, from calculation based on the directly measured primary 
mass and the energy of the decay pion, and has generally been assumed to 
be a neutron. 

New confirmatory evidence as to the specific identity of the fragments 
has been presented here by the Padua and by the École Polytechnique groups. 

SECHI has reported the first example of decay (2a) in which the charged 
fragment comes to the end of its range in the emulsion (G-Stack). The stopped 
secondary is observed to undergo 7 >p >e decay, thus confirming the 
pion character and sign of charge of the secondary. The pion range is 8.93 em, 
which corresponds to a Q(x, n) of 108 MeV with an uncertainty of a few MeV, 
and a hyperon mass of 2323 m,. 

ARMENTEROS has reported two V*-events (Pic-du-Midi double chamber) 
in which a neutral fragent induces a nuclear interaction in the plates of the 
lower chamber. The measurements, insofar as they can be made (both events 
are very fast), are in accord with decay mode (2a) with the Q-value given above. 
Thus these observations provide the first direct indication that the neutral 


fragment is in fact a neutron. In one of the events, the charged fragment 
also interacts. 
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1°2.2. The decay process 
(2b) Zxt>ptr. 


Although the first evidence for a charged hyperon which decays into a proton 
was obtained by the Pasadena group [11] with magnetic chamber, most of 
our information about this decay mode comes from the nuclear emulsion, 
where both the Y* and the proton fragment are readily stopped, the latter 
having a conveniently short range of about 1.7 mm. The first emulsion example 
was found by the Milan group [12]; at present, a total of ten examples of 
this type are known, including the new example reported here by BISWAS. 
The two body character of the decay is indicated by the observed uniqueness 
of the proton range. Although there does not appear to be any direct exper- 
imental evidence as to the nature of the neutral fragment, its mass, as cal- 
culated from the directly measured primary mass and the energy of the decay 
proton, is found to be compatible with that of the L-mesons. It is generally 
assumed to be a pion by analogy with other hyperon decay modes, and because 
this assumption leads to a calculated primary mass in very striking agreement 
with that obtained for decay mode (2a). 

In principle, the parent mass of decay mode (2b) can be determined very 
accurately, since the decay proton is of low energy (7, ~ 19 MeV) where the 
range-energy relation is believed to be relatively well-known. However, in 
view of the uncertainties in normalization of the range-energy relation in the 
particular plates used by the various groups, it is not clear how the various 
results should be combined. FRIEDLANDER suggests that 


Q(p, 7°) = (115 + 5) MeV 


and the corresponding mass 
M(p, x°) = (2327 + 10) m, 
s and are unlikely to be in error by more than the amount 


are reasonable value 


indicated. 

A number of examples of decay mo 
with Q-values quite consistent with 115 Me 
difficult since the event will very often resem 


de (2b) in flight have been observed, 
V. The observation of these is 
ble a proton scattering without 


recoil. 
1°2.3. The decay process 
(2c) i cdi pe VE 


42 - Supplemento al Nuovo Cimento. 
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According to current ideas (cf. II-4), the YX hyperon is believed to un- 
dergo nuclear absorption at the end of its range. There is no evidence that 
decay at rest occurs. however, such decays could have escaped observation 
in the data so far available. In view of this uncertainty, the present evidence 
for the X” decay process is derived from decays in flight in which the sign 
of the charge is unambiguously determined by one method or another. 

There are several independent observations which point to the existence 
of a negatively charged counterpart of decay (24). The earliest of these were 
the photograph of SHuTT et al. [4] with magnetic hydrogen diffusion chamber 
at Brookhaven (Case F; Q = (130*) MeV), and the Turin event [13] 
(Q= (107 + 15)MeV) in which the negative pion, emitted in the backward 
dicection, stops in the emulsion and produces a o-star. At this Congress, new 
confirmatory evidence has been presented by the Berkeley group and by the 
Ecole Polytechnique group. 

FRETTER reported two V -events in which the primary mass, determined 
by drop count and momentum, is in the hyperonic region and the charged 
secondary is an L-meson. The mean @(7-,n) value for the two events is 
(id = dA Me Ve 

RAU reported what is again apparently the first direct evidence that the 
neutral fragment in decay (2c) is in fact a neutron. A fast V -event, dynam- 
ically compatible with scheme (2c), is observed in the upper or magnetic 
chamber and the line of flight of the hypothetical neutron fragment is cal- 
culated. In the lower chamber, a neutral induced interaction is found closely 
along the predicted line of neutron flight. The charged secondary also inter- 
acts in the plate chamber and is therefore very probably a negative pion. 


1°2.4. Decays in flight with indeterminate sign 
(2d) D+ een. 


Most of the observations of Y-decay in the nuclear emulsion are decays 
in flight. For example, at the Padua Conference, the ratio of observed decays 
in flight to observed decays at rest was about 3:1. Decays in flight are 
identified by mass determination on the primary and secondary and by cal- 
culation of the Q(z*,n) value. The determination of primary mass is seldom 
sufficiently accurate to distinguish between X and E-. Similarly, the sec- 
ondary mass is usually not sufficiently accurate to distinguish between pion 
and muon, although in favorable cases, the pion mass may be indicated. In 
the great majority of decays in flight, the charged fragment escapes from the 
emulsion, so that the sign of the charge is not determined. The majority, 
but not all (cf. I-1°3), of the Q(x*, n) values are consistent with those de- 
duced from measurement of secondary range in decays at rest, but the spread 
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is appreciably greater. Several new examples of decay in flight have been 
reported here. 

As in the case of the /°, the X decay modes described above imply that 
the & spin is half-integral, but the magnitude of the spin is not yet known. 

KEEFE has reported a new estimate of the Y lifetime based on decays in 
flight which are found by tracing tracks out from stars without prior knowledge 
of their identity. This method has the advantage that scanning bias is rela- 
tively small. For each Y decay, the actual life # and the potential life 7 are 
| measured, not from the parent star O, but from a reference origin 0’ along 
the track such that OO’ is the minimum track length (dependent on ioniza- 
tion) required to unambiguously identify the hyperonic character of the 
event. On the basis of 11 examples of decay (2d), the lifetime is found to be 


way = (3.02, ) 210418. 


with 5% limits of 2.2-10-™ and 8.2-10-1's. 


1°2.5. X°. — The possibility of a neutral counterpart of X* has been dis- 
cussed by GELL-MANN and Pats [14]. Although no direct evidence for this 
particle has been found, its existence may be implied by certain observations 
of Fow er et al. [15] and of WALKER [16], both working with the pressurized 
hydrogen diffusion chamber at the Brookhaven Cosmotron. Among the ex- 
amples of associated production of A° and 0° particles found by these workers, 
there are several events in which the observed dynamics of the collision do 
not quite agree with expectation for the process 77 + po A® + 90 “Dhe 
nature of these discrepancies is such that they can be accounted for if it is 
assumed that the hyperon directly produced is a X° rather than a A°, and 
that the hypothetical X° decays very rapidly by y-ray emission to yield the 
observed A°; thus 


(2e) mo > A® + o di 
Further work on this important question is needed. 


13. E°. — The existence of a negative hyperon which decays according to 
| the scheme 


(3a) B= A° La, 
was first demonstrated by the C.I.T. group [17] and confirmed by FRETTER 


and FRIESEN [18], both using magnet cloud chamber and drop counting 
technique. An earlier event, the famous cascade photograph of the Manchester 
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group, provided the first evidence for a type of charged V-decay in which 
one of the (neutral) decay fragments was itself a V°-particle (*). 

Although the number of E7 decays which has been observed is still small 
(6 examples in Wilson chamber), both fragments appear to be veline 
In the photographs of CowAN and of FRETTER and FRIESEN, the A° is iden- 
tified from the masses of its decay fragments and from the well-known dynam- 
ics of A° decay. As to the charged decay fragment of the &, the mass 
Can aio these authors favor the pion mass rather than the muon 
mass. The pion character of the fragment has been confirmed by the Paris 
example in which the charged fragment interacts in the multiplate chamber. 

The Q-value for scheme (3a) can be determined in 4 of the cloud chamber 
examples. Although the number of cases is small, the result (C.I.T., 67 4-12 
and (60 + 15) MeV; FRETTER and FRIESEN, (66 + 6) MeV; and Princeton, 
(63-+9) MeV are in good accord and suggest that the decay is a 2-body process. 
The weighted mean is 


Q = (65 + 4) MeV, 
which corresponds to a & mass 


Me? DSi 20) tae 


As in the case of the other known hyperons, decay scheme (3a) implies 
that the spin of the & is half integral, but the magnitude of the spin is not 
known. 

Although the lifetime is not yet known, the disposition of decay points 
so far observed suggests that it is comparable to that of the other hyperons, 
namely within an order of magnitude of 107! s. 

All of the identified examples of E are negatively charged; there is no 
evidence as yet for a neutral or positively charged counterpart. The existence 
of a neutral counterpart which decays slowly by the process 


(3b) mo LAO + 1° 


(*) Post-Conference Note. — The Manchester group originally conjectured that their 
photograph might, among other possibilities, represent y-decay, according to the scheme 


are Ves) 


(cf. K. H. BARKER: Proc. Roy. Soc., A 221, 328 (1954)). The possibility of such a 
decay scheme may now have been reopened. Harti and BLocK (Bull. Am. Phys. Soc., 
30, No. 5, p. 13), analyzing the Brookhaven diffusion chamber photographs, report a 
charged V-event which is tentatively interpreted as decay into a m+ and a K° with a 
p'(x*, K°) in the neighborhood of 170 MeV/e and a parent mass in the neighborhood 
of 1500m,. However, the decay of the K° is not seen in this photograph. 
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has been predicted by GELL-MANN and Pats [14]. Such a decay would be 
difficult to detect. 

As mentioned in the preceding paragraph, there are several events of type 
Y= (in flight) > L* + ?° observed in the nuclear emulsion, with Q(n, 7) values 
somewhat less than that expected for © decay (108 MeV). The status of these 
«anomalous » Q-values was summarized here by CorTINI, who also reported 
a new case found by the Rome group. These events can be accounted for 
in terms of E" decay. The Q(A°, x) values (which differ very little from the 
Q(n, x) values) are: Bristol, (59411) and (63-+27) MeV; Ithaca, (724-20) MeV 


and Rome, (71 +5) MeV. In none of these events, however, is the A° decay 
observed. 


1°4. Evidence for heavier hyperons. — We now come to a question which 
is of great interest, but about which we know very little as yet, namely: Are 
there hyperons which are heavier than the types just described? I believe 
everyone will agree that the evidence is not yet all in. Nevertheless there 
are certain observations, not easily disregarded, which should be kept in mind, 
although it is not clear that all of these are even related to the question of 
the existence of heavier hyperons. 


1°4.1. The Eisenberg event. — EISENBERG [19] has observed what is inter- 
preted to be a V -event with a K~ secondary, the latter being identified by 
mass measurement ((940 + 200) m,) and by the o-star ((209 + 4) MeV visible 
energy) at the end of its range. The angle of deflection being small (10°) and 
the velocities of primary and secondary being almost equal at the deflection 
(g* ~ 3), the event might have passed for a K™ interaction in flight. The 
anomalous thing is that the scattering of the primary, (0.078° +0.017°)/100 um, 
is about one third of that expected, 0.259°/100 pm, for a K-meson of the 
observed grain count and/or range. The observed scattering and grain count 
of the primary track correspond to a mass of (320072) m,. Thus it is sug- 
gested that the event may represent the decay in flight of a new type of 
hyperon, Y —~(n or A°) + K-, with a small Q-value, of the order of 5 MeV. 
The calculated parent mass, assuming the neutral fragment to be a neutron, 
is 2830 m,; for a A° it is 3160 mo. 

some further measurements on this event were reported here by EISENBERG. 


i) The secondary mass has been recomputed using third differences 
with the result M = (840 + 190) mo. 
ii) The primary and secondary ionizations have been redetermined 


by the photo-electrie method (VAN Rossum, Paris). The result, g (pri- 
mary)/g (secondary) = 1.10 © 0.03, agrees with the original determination by 


conventional grain count. 
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iii) One of the grey prongs of the primary star (5+11p) is identified 
to be a K-meson by mass measurement. The track leaves the stack, so the 
sign of the charge cannot be determined. 


104.2 Frys K-mesonic events. — Fry and his collaborators have found two 
unusual events in which a K-meson is produced. 

In the first event [20], a oK-meson of 43 MeV is ejected from a small 
secondary star. Unfortunately the connecting track is only 9 ym long; its 
appearance is consistent with that of a nuclear particle which stops or is of 
very low velocity. The secondary star has three prongs: a short, unidentified 
recoil; a black track (Z = 1) of 583 um range; and the K-meson with range 
of 12200 um. The identification of the K-meson is based on mass determi- 
nation ((1170 +200) m,) and the sign of the charge is inferred to be negative 
since no associated tracks are found at the end. The minimum total energy 
of the secondary star, including the rest energy of the K-meson (assumed to 
have 7 mass), is 550 MeV. Various possible explanations of the secondary 
star are Suggested: 


i) Nuclear absorption of a negative «heavy » hyperon or « heavy » 
K-meson; 


ii) disintegration of a hyperfragment containing a « heavy » hyperon or 
a «heavy » K-meson. 


In the second event [21] a slow particle ejected from a star appears to stop 
and give rise to a oK-meson of 42 MeV and no other visible products.  Al- 
though the primary track is short (44 um), the scattering suggests it is due to 
a singly charged particle with mass in the protonic range, rather than an 
a-particle or a heavier fragment. The K-meson secondary stops in the same 
pellicle, after a range of 10900 um, and is identified by mass measurement 
(~ 1000 +200 m,). Again, the sign of the charge is inferred to be negative 
Since no associated tracks are found at the end. It is suggested that the 
K-meson was produced by the nuclear absorption of a negative « heavy » 
hyperon or «heavy » K-meson. 

It should be noted that the kinetic energy of the K-meson in the two events 
is almost identical (43 versus 42 MeV) and that in both events nothing is ob- 
served at the end of the K-meson track. Thus, in both events, the evidence 
that the secondary is a K-meson (rather than a proton, for example) is based 
on mass measurement alone. 


14.3. Hyperfragments with anomalous Q. — Three hyperfragments have 
been recorded which are anomalous in that the energy release is significantly 
higher than is available from a bound A hyperon. The first two examples 
were those published by Fry et al. [22, 23]; the third was reported at this 
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Congress by CASTAGNOLI. All three examples are described in the section on 
hyperfragments below. The hypothesis has been made that these events may 
represent bound « heavy » hyperons. However, the observations do not force 


this interpretation; the events may equally well be explained in terms of bound 
K-particles. 


2. — The K-mesons. 


We now come to the complex question of the K-particles. Whereas no 
less than six distinct decay modes have been established for the positive 
K-particles, mass measurements as reported at this Congress principally by 
the Berkeley group and by the G-stack collaboration indicate that the parent 
masses are identical to within a few electron masses. One of our central prob- 
lems is to determine the extent of this apparent degeneracy. In other words, 
what is the minimum number of physically distinct parent particles? 

Relatively little is known about the K -decay modes. One type is probably 
established (77) and one or two others are probable or suggested. The prin- 
cipal reason that relatively little is known is that most if not all K -mesons 
are captured by the atomic nucleus at the end of their range. Thus, the decay 
modes must be separated and elucidated by analysis of decays in flight. In 
contrast, the K*-mesons are most advantageously studied at the end of the 
range, where the velocity of the parent particle is known (zero) and the mea- 
surements refer to particles of very low kinetic energy (< 150 MeV). 

The situation is still more difficult with the neutral K-particles. One tyre 
is well known (6°) and it seems very likely that there is at least one other type 
as yet unidentified. The difficulties encountered in the K~ investigation are 
multiplied in the case of the K°-particles since the mass, speed, and (in most 
observations) direction of motion of the parent particle must be indirectly 
nferred from the charged secondaries. 


9°1. The c-meson. — In view of the comprehensive 7-meson report read by 
AMALDI, the task of summarizing the status of work on this particle is greatly 
simplified. 


91.1. ct. — The existence of the 7-meson was first suggested by an S-event 
observed in nuclear emulsion by the Bristol group in 1949 [24]. Innumerable 
similar examples have been found since; there are more than 100 in stripped 
emulsions alone. The decay scheme 


(4a) Pie Te Ie a Te 


has been well established for some time [25]. 
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The weighted mean Q-value, based on 54 7-decays in stripped emulsions 
is 75.0 MeV, with a statistical error of + 0.2 MeV. AMALDI cautioned us 
that this purely statistical error is of doubtful significance for various reascns: 


i) Different laboratories have employed different range-energy relations. 


ii) Most laboratories have not determined the stopping power of their 
particular emulsions, for example by measuring the muon range in pion decay. 


iii) Even when the same range energy relation is used and the stopping 
power of the emulsion is determined by 7-u decay, the agreement of the 
Q-values from various laboratories is not entirely satisfactory. 


iv) Even if the agreement under (iii) were satisfactory, the range-energy 
relation itself would introduce appreciable uncertainty. 


In view of these uncertainties, AMALDI places a 2% error on the Q-value. 
Thus we have 


QO: = (715.0) se 1.5). MeV: 
and the corresponding mass is 
M = (966 3.4) m,.. 


Of the K*-meson masses, the t+ mass is probably the best known. The decay 
pions have relatively low kinetic energy (7,,, = 50 MeV); hence the range 
energy relation need not be extrapolated as far as with other K+-particles. 
Also, the Q-value represents only 15% of the rest energy so that the main 
contribution to the indirectly determined 7* mass is the (well-determined) 
mass of the pion fragments (*). As a result, the ++ mass is taken as a standard 
for comparison of other K-particle masses. 


An example of what is very probably the radiative decay of a tt-meson 


(4b) SHE Gc ne ev Seiko Aa SE 


where hy = 32 MeV, has been published by the Bombay group [26]. -Da- 
LITZ [27] has estimated that the probability of emission of a photon of energy 
equal to or greater than 30 MeV, by internal bremsstrahlung in a pseudoscalar 
t-decay, is of the order of 10-4. Since about 100 7+-decays have been recorded, 
the probability of one such observation is about 1%. 

A number of examples of K-meson decay into a single charged pion of low 


* o, . . 

(*) The 0° Q-value is also probably known to about 2%; however, it is a much 
larger fraction of the parent rest energy so the uncertainty in the 0° mass is corres- 
pondingly higher. 
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energy (< 50 MeV) have been found, of which the first was reported by the 
Rochester group [28]. The decay pion has a variable energy, indicating that 
two or more neutral fragments are involved. As yet, there is no direct evi- 
dence as to the nature of the neutral fragments; however, the fact that the 
decay pion energy in all examples so far reported is confined to the same 
range (0-50 MeV) as for the decay pions of the normal 7* suggests that these 
events represent an alternate decay mode of the 7*-meson, namely 


The branching ratio 7'/7 appears to be in the neighborhood of 0.2. 
The parent mass, relative to that of the ++, as determined with the bevatron 
K-particle spectrometer, is 


M(<'t)— M(4)=(-2+10) m, 


and is based on 9 cases. 

Our present information about the spin and parity of the 7* meson is based 
on the theoretical analysis of the distribution of the decay configurations by 
DALITZ [29, 30]. Since the present evidence that there are at least two distinct 
K-particles, tauons and thetons, is based on this analysis, it will be worthwhile 
to summarize it briefly here. 

In the specification of the final state configuration, in which the three 
pions are receding from each other, it is convenient to distinguish between 
the unlike pion and the system comprising the two like pions. The latter is 
specified by the momenta q and —q of the two like pions (aside from a 
numerical factor) with respect to their own center of mass and the momentum 
p of that center of mass with respect to the center of mass of the +. The mo- 
mentum of the unlike pion with respect to the center of mass of the 7 is 
then — p. Since p and q are related by the conservation of energy, the final 
state configuration is completely specified by p (or T_) and 0, the angle 
between p and q. 

Tf L and I are the angular momenta corresponding to p and q respectively, 


the spin J of the 7 is given by 
(5) J=L+l. 


The wave function of the system comprising the two like pions must be 


therefore, both 7 and the parity of the like pion system must be 


symmetric; 
d to the angular momentum 


even. It follows that the parity P of the 7 is relate 
of the unlike pion. Thus 


(6) | (0405, 
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Tt follows at once that the 7 cannot be a scalar particle. 

For given [J, P], the possible pairs of (L, l) are restricted by equations (5) 
and (6). Furthermore, only those pairs for which (Z-+1) is the least are con- 
sidered. For example, the least (Z, 2) which are compatible with equations (5) 
and (6) are tabulated for J up to 3 in Table I. 


TABLE I. — Least (L, 1) for various [J, PI. 


J PZA] P= —I] 

n 0 = (0, 0) | 
1 (1, 0) (252) | 
2 (1502) (One) (200) 
3 (30) RU) (25.2) 


There are five «simple» cases; namely [0, —], [1, +], [1,—], [2, +], and 
[3, —]; for which there is only one smallest (L, 1). It is readily verified that 
all other cases are « complex »; that is, the final state must be represented by 
a superposition of simple states, with unknown coefficients. 

The behaviour of the 7- decay spectrum in the neighborhood of T_ = 0 
is related to the minimum value of L. For example, the z~ is often observed 
to be emitted with low energy. This would imply that it can be emitted in 
an S-state, that the lowest Z is zero, and that the 7 has even spin and odd 
parity. 

On the other hand, the behavior of the upper end of the x spectrum is 
related to the minimum value of J. In the limit T_ + 30, the decay con- 
figuration is collinear, with the two like pions ejected with the same velocity 
and direction, the latter being opposite to that of the unlike pion. Since the 
relative velocity of the two like pions is then zero, the observation of a sub- 
stantial number of negative pions near the upper end point of the spectrum 
would suggest that the least value of / is zero. 

AMALDI has reported the results of y? tests of the compatibility of the 
presently available data with the theoretical expectations for the five simple 
cases. The tests were actually made in the manner prescribed by FABRI [31], 
namely in terms of the relative frequencies with which the x energy is below, 
intermediate, or above the energies of the two positive pions. The result is 
ghat the cases [1, +], [1, —], and [2, +] are now very probably excluded. 
The [3, —] case appears improbable from the angular (0) distribution. How- 
ever, the available data does not yet exclude a number of the possibilities, for 
example, the even spin, odd parity cases ([2, —], [4, —], etc.) so that although 
the simplest possibility is that the 7 is pseudoscalar, further work is required 
before this fact can be regarded to be well-established. 

As mentioned in the section on the A° hyperon, the existence of polari- 
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zation effects in production would be indicative of a non-zero spin for the x. 
TEUCHER et al. [32] have pointed out that the slowing down process will not 
be expected to destroy the polarization, if present, unless the + has a large 
anomalous magnetic moment. Therefore, these authors have suggested that 
a search for such polarization be made by examining the distribution of 


i) the angle between the direction of emission of the 7 and the normal 
to the decay plane, and; 


ii) the angle between the direction of emission of the 7 and the direction 
of emission of the 77 decay fragment. 


Data relevant to these angular distributions have been presented here by 
MERLIN and by Stork. The emulsion data as a whole (77 7-mesons) have been 
collected by WINZELER. AMALDI communicated a similar analysis of all the 
cloud chamber data (16 events) by DALITZ. The combined data is compatible 
with isotropic decay. 

Two remarks, both made previously in connection with the N° investi- 
gation, should be repeated here. First, the interpretation of the observations 
would be clearer if they were made in hydrogen. Second, failure to observe 
polarization is a necessary, but not a sufficient condition, that the 7 have 
spin zero. 

The Berkeley group reported a determination of the z+ lifetime, based on 
the attenuation of the t+ component of the K+ beam at the bevatron. The 
result is 


Bat) 0) 10-9 8: 


91.2. =. — The first evidence for the negative counterpart of the 7*-meson 
was the decay in flight (Q =( 70 + 3) MeV) observed with magnetic cloud 
chamber by the C.I.T. group [33]. At this Congress, HENDEL reported a second 
measurable example with Q = (90 + 35) MeV. The relatively low accuracy 
reflects the fact that the 7 is fast (p = 2.2 GeV/c). There are three additional 
events in the Paris data which are compatible with 77 decay but en which 
complete measurements cannot be made. 

It is currently believed that all 7-mesons which are observed to decay at 
rest in the emulsion are positively charged, The example reported here by 
Biswas is a possible exception. However, the disposition of the event is 
unfavourable with respect to the decay fragment on which the determination 


of the sign of charge depends. 


21.3. 7°. — It has often been pointed out that some (but not all) of the 
so-called anomalous V° events [9] may be examples of the decay 


ee ete a +: 
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There is, however, no detailed evidence in support of this identification, 


2°2, The 0-Meson. — As yet, the 0-meson is the only one of the new un- 
stable particles for which the existence of all three charge states is either 
established or probable. The 6° was the first to become well-established; the 
0+ is now also well-established; and there is preliminary evidence for the 
existence of 0°. 


99.1. 0. — Although the existence of the non-protonic or Vs group of 
V°-particles was first demonstrated in 1951 [1, 34, 35], the level of magnet 
chamber technique generally available at that time was not sufficient to indi- 
cate the heterogeneity of the group, the nature of the decay fragments (u~, 7%, 
¢*, or K*), the 2- or 3-body character of the decays, or the @-values. 

The §°-megson, and the so-called anomalous 6°-decays, were first discovered 
in the V? category by the Indiana group [36, 37]. The evidence which led to 
elucidation of the 0° problem is of a rather different nature than that used 
elsewhere, for example, in the unraveling of the K, decay schemes. For this 
reason, and because the method promises to find further applications in future 
studies as our interests turn to higher energies, it may be worthwhile to say 
a few words about it. 

The basic idea of the 7 surface method is extremely simple, namely to 
plot decay data in such a way that all examples of the same type of (two body) 
decay group together to form a single locus which unambiguously defines the 
decay scheme, irrespective of the decay parameters and without any a priori 
assumptions as to the decay scheme. It is readily shown that a space of three 
dimensions is required in the general case and that the loci are a 3-parameter 
family of surfaces. The 3 parameters of a surface depend uniquely on the 
parent and fragment masses and the Gaussian coordinates on a given surface 
correspond to the parent velocity and the angle of emission in the center of 
mass system. 

Analytically, the method can be reduced to a problem in statistical esti- 
mation, The input data are the experimentally observed decay data. The 
results are the most probable sets of parent and fragments masses for the 
various extant decay schemes, whatever they are. 

The decay space may be constructed in a great variety of ways, the first 
type used being the (x, p,, 1/p)-space introduced by the Indiana group. Use 
of the parameters x and 1/p has the advantage that the projection of the 
resulting decay space onto the (x, 1/p)-plane is at once recognized as the 
familiar (x, 1/p) plot introduced by the Manchester group [35]. However, it 
should be noted that the motifs of the two methods are conceptually rather 
inverse. The (x, 1/p) plot was introduced in an attempt to classify V°-events 
according to a priori assumed decay schemes [35], whereas the ()-surface method 
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was introduced as a means for determining the decay scheme [36]. Actually 
the use of « itself is not essential to the Q-surface method [9], and the use 
of 1/p is entirely arbitrary in both methods. 

More recently, PoDOLANSKI and ARMENTEROS [38] have discussed a decay 
space in which the second coordinate is the dimensionless parameter e = 2p,/p, 
instead of p, itself. This modification has the advantage that the coordinates 
in the (x, e) projection are both dimensionless quantities and can be expressed 
in terms of the laboratory decay angles if the origin is known or assumed, 
This results in a very useful method for the classification of V°-events, ete., 
in terms of known or assumed decay schemes. However, this result is achieved 
at the expense of an elegant feature of the (x, py, 1/p) space, namely that the 
(x, py) cross-section has a limiting form, known as the Q-curve, in the rela- 
tivistic limit. Thus, in that limit, the velocity of the parent particle—a trouble- 
some unknown in the elucidation of decay schemes—is separated from the 
motion in the center of mass system. 

At this Congress, we have heard a report from the Indiana group on the 
status of the 6° investigation. The analysis of the Indiana data may be sum- 
marized as follows: 


i) With the exception of four clearly anomalous cases, the main group 
of data delineates a Q-surface, whose parameters correspond to a parent mass 
in the neighborhood of 1000 m,, a center of mass momentum just over 
200 MeV/c and two fragments of L-meson mass. 


ii) A detailed calculation shows that it is not possible to reconcile all 
the events with a 3-body decay process in which a light neutral particle is 
emitted with an energy spectrum at all similar to that given by the statistical 
factor. Thus the data indicates a 2-body decay plus 4 anomalous events. 


iii) The Q surface for the main group is well covered with points, par- 
ticularly in the relativistic region f > 0.95. Thus the data is not merely con- 
sistent or compatible with §°-decay, as is sometimes stated, but directly 
establishes this decay mode to the exclusion of other possibilities. 


iv) By a straightforward adjustment procedure, the mass of the decay 
fragment is determined to be 285 m,. This result actually constitutes a new 
absolute determination of the pion mass, although the accuracy attained is 
not impressive in view of the high velocity (BP = 0.996) of the pions under 
observation. It is shown that to 99% confidence level, both fragments are 


pions. Thus we have 


(Ta) 0 > +. 


v) It follows @ fortiori from (iv) that the 0°-decay fragments are not 
RP ete. 
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vi) Independent evidence that the 6’ is a boson was provided by a cosmic 
ray induced example [39] of the Shutt reaction z- + p > Y° + K°, in which 
the products were well identified to be a normal A° and a normal 0°. The 
existence of the Shutt reaction then implies that the spin of the 0° is integral. 


vii) Within the available statistics, there is as yet no deviation from 
isotropy of the decay in the center of mass system. 


viii) The weighted mean Q-value is 


Q(nt, x-) = (214 + 5)-MeV 


computed on the basis of m_c? = 139.7 MeV. The error indicated is the re- 
sultant of a purely statistical error (2.8 MeV external or 1.4 MeV internal) 
and a conservative estimate cf systematic errors. Thus, the result is the same 
as previously published by the Indiana group [37]. The corresponding mass 
of the 0°-meson is 


New confirmatory 0° data was reported, at this Congress, by FRETTER. 
A total of 12 examples of 6°-decay have been observed so far in the Berkeley 
magnet chamber, the average momentum being in the neighborhood of 
1.5 MeV/c. Eleven of these examples give Q(z,7) values in the range 
211—247 MeV, with individual probable errors varying from 7 to 32 MeV. 
The weighted mean of these eleven cases is 224 MeV, with a purely statistical 
error of 4 MeV. The twelfth case gives a Q(z, 7) value of (295 + 26) MeV, 
which is 3 probable errors above the mean (*). 

The mean lifetime of the 0°, as given by GAYTHER [40] is 


~(0°) = (1.770:8)-10-29 8. 


It should be noted that this figure actually refers to the V® or non-protonie 
class of V°-particles. Future revision may therefore be required. 

The 0° was the second K-meson to become well-established. The remarkable 
equality of the 0-mass to that of the 7* was immediately noted [2] and many 
conjectures as to the possible relationship between these two particles have 
been made. More recently, the 7’, Ki , and K, modes have been discovered; 
and more quantitative data on the x mode has become available. Finally, the 
reality of the y-events has been established; and, as it has turned out, these 
events very likely represent decay of the positively charged counterpart of 


(*) This example is discussed in reference [9]. 
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the 0°. All of the K-particle masses have now converged to within a few electron 
masses of the value originally given for the ++ and the 0°, so that at the pre- 
sent time, there is no evidence for mass differences. 

However, there is good evidence against the identity of the 7-meson and 
the §’-meson. The original analysis of the distribution of 7-decay configu- 
rations by DALITZ has been confirmed by the improved statistics collected 
and reported here by AmaLDI. The result, as indicated in the section above, 
is that unless the + spin is very high, the spin is even and the parity odd. 
‘On the other hand, the fact that the 0 decays into two pions implies that its 
spin and parity are either both even or both odd. In either case, the identity 
z=9 would be excluded. 

Thus it would appear likely that there are at least two distinet families 
of K-mesons—the tauons and the thetons. One of the central problems for 
future work is to determine the nature and extent of the remaining degeneracy. 
In other words, can all the remaining K-particle decay modes be identified 
as alternate decay modes of tauons or thetons, or do the particles parent to 
some of them represent further distinct types? 


9°9.2. +, — The resolution of the 6+ problem is an instructive example 
of how the effort of a number of laboratories, using all available techniques, 
must sometimes be brought to bear on a problem to effect its solution. At 
this Conference we have heard reports of extensive work, particularly from the 
G-stack collaboration, which, in the opinion of this reviewer, now place this 
particle on the list of those which may be considered to be well-established. 

The question of the existence of a charged K-particle which decays into a 
monoenergetic pion and one neutral fragment, ~~ > rt + (2°), was first 
raised by MENON and O’CEALLAIGH [41], on the basis of pp and g* measu- 
rements on the charged secondary. However, confirmation of the y-events 
was not immediately forthcoming; in fact, it has been only very recently, with 
the advent of the large stack now in general use, that reliable distinction between 
a line and a spectrum or between a pion and muon secondary could be made [42]. 

At the Bagnéres Congress [43], and for some time thereafter, the BRIDGE- 
Annis photograph [44] provided the only example of an interacting secondary. 
However, the primary mass in this event was not well known, a characteristic 
difficulty with the multiplate chamber when used by itself, and the event 
could be interpreted as either K- particle or hyperon decay in flight. 

An important contribution from the M.I.T. chamber was the discovery of 
photons associated with the decay of S-particles [45]. However, the relation 
of the photons to the 7 problem, or @ fortiori to the 0 problem, was not yet 
indicated. It was, in fact, proposed [46] that a number of the observations, 
available at the time, could be explained by the decay scheme S>ptvtv. 

The turning point in the investigation proved to be the remarkable photo- 
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graph observed by Hopson et al. [47, 48]) which showed the decay of a par- 
ticle into a light positive fragment (x or p) and two electron pairs. Detailed 
analysis of the pairs indicated, beyond reasonable doubt, that they arose from 
the rare decay mode 7° + 4e, where the 7° mass was computed to be 
M(x°) = (255%!) m,. Close transverse momentum balance in the primary decay 
(— 0.7 MeV/c and +4.5 MeV/c in the XY and YZ planes, respectively) made 
it improbable that any neutral fragments had escaped detection. The cal- 
culated Q(x*, 7°) value was found to be (213773) MeV. Comparison with the 
Q(xt, 7) value of (214 + 5) MeV for 0°-decay therefore led these authors to 
suggest that the event represented decay of-a posively charged counterpart 
of the 0°-meson, 

(7b) 0+> at + n° + (213717) MeV 


—10 


and the subsequent rapid decay of the 7° into 4 electrons 


(8) T° > et + e- + et + e. 


These authors pointed out that 6+ decay could explain at least some of the 
previously observed events in which photons were associated with stopped 
particles. Also, as it has turned out, the majority if not all of the y-events 
observed in the nuclear emulsion are of the same type. 

As more and improved emulsion data became available, evidence for the 
reality of the y-events began to accumulate. For example, the Padua group [49] 
reported two examples of K-meson decay in which the secondary masses, 
from grain count and scattering, were (270 + 33) and (276 + 30) m,. This, 
together with the fact that the pf values were (160 + 10) and (159 + 9) MeV/e 
respectively, suggested that the events represented a decay of the y type. 
From the directly determined primary mass ((964 + 60) and (943 + 60) m,) 
and assumption of 2-body decay (*), the mass of the neutral fragment was 
computed and found to be close to that of the 2°. 

The first emulsion example in which distinetion between pion and muon 
secondary was made on the basis of a nuclear interaction was found by the 
Bombay group [50] and gave a Q(x+, x°) value of (222 + 12) MeV. 

With the improved statistics now available, the M.I.T. multiplate chamber 
results also provide support for the 0+-decay scheme [51]. Im a total of 
66 S-events, these observers find five examples in which the secondary range 


(*) DiLwortH et al., on analyzing all emulsion data available up to July 1954, 
point out that it is actually the absence of pf values between ~ 80 MeV/e and 
~ 140 MeV/e which suggests that the grouping around pf=160 MeV/c is actually a 
line. Annual Rev. of Nucl. Science, 4, 271 (1954). 
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lies in the interval 39.2 to 49.2 g/cm? of brass. The nature of the’ charged 
secondaries is not determined; nevertheless, the fact that a range of 43 g/em? 
corresponds to a kinetic energy of — 100 MeV for a pion suggests that these 
events represent 0*-decay. The statistics being small, the evidence for a line 
in the neighborhood of 43 g/cm? is not, by itself, entirely convincing. However, 
a striking fact is that in 4 of the 5 cases, an associated photon is observed. 
Furthermore, in the 8 other events in which photons are observed, either 


i) The secondary leaves the chamber after traversing less than 43 g/cm? 
(6 cases), or 

ii) the secondary stops after traversing less than 43 g/cm? (2 cases) (*). 
The disposition of the photons is compatible with the assumption that they 
are produced by 7°-decay. 


One of the most important results of this Congress has been the clear 
confirming evidence for the 9*-meson, as a result of which any remaining 
doubts as to the existence and decay scheme of this particle should be very 
largely, if not entirely, removed. The most extensive and detailed work is 
that of the G-stack collaboration, described by O’CEALLAIGH, KEEFE, and 
DI CorATO, in which the nature, number and energy of the decay fragments, 
are all verified in a very unambiguous way. 

So far, twenty examples of charged 0-decay have been found in the G-stack. 
As to the nature of the charged secondary: 

i) In four cases the secondary comes to the end of its range and is 
identified as a positive pion by the characteristic 7-u-e decay. 

ii) In six other cases, the charged secondary interacts in flight. In one 
of these cases (reported in detail by pr CoRATO) the secondary is elastically 
scattered by a proton and then stops and undergoes 7-u-e decay. Another 
one of the six cases is interpreted as a charge exchange scattering. 

iii) The remaining ten secondaries are identified as 7-mesons by scat- 
tering and blob density. 


The two body character of the decay is indicated by the uniqueness of the 
energy of the decay pion. 
i) The four stopping secondaries have observed ranges in the narrow 
interval 11.23 to 12.07 cm. The mean range is 11.78 em which corresponds 
to a pion kinetic energy of 108 MeV. 
ii) By application of the conservation laws, the energy at emission of 
| the elastically scattered secondary is found to be 107 MeV. 


(*) The two short ranges may be explained as pion interactions in flight, but may 
also be explained in other ways, for example the hypothetical decay ut o>putt+v+r0. 
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iii) The energies of the fifteen remaining secondaries, as determined from 
scattering, group in the narrow interval 100 to 118 MeV, with a mean value 
of 108 MeV. 


There are two evidences that identify the neutral fragment to be a 7° meson: 


i) In one example (reported in detail by KEEFE for the Dublin group), 
an electron pair is observed at the point of decay. Detailed quantitative anal- 
ysis indicates the pair originated in the decay 7° > 2e + y, subsequent to 
the parent decay 0+ —7xt + n°. 


ii) The direct determinations of the primary mass and of the energy 
of the z+ secondary are sufficiently accurate that the mass of the neutral 
secondary is well determined and agrees with the known 7° mass to within 
several electron masses. 


GREGORY communicated the latest results from the M.I.T. multiplate 
chamber. Convincing evidence that all S-particles found by the authors cannot 
be explained in terms of the single three-body decay mode S+yu4+y+y¥ 
was presented in the form of a histogram comparing the observed secondary 
momenta (deduced from the observed range assuming the charged fragment 
is a muon) with the spectrum given by the statistical factor, the theoretical 
spectrum being modified to take into account the strong bias against observing 
long range secondaries. 

The M.I.T. range data (5 examples in the neighborhood of 43.0 g/cm? of 
brass) already published [52] has been reanalyzed, using the range estimation 
method of ARMENTEROS et al. [53]. The resultant mean range is 44.2 ¢/em? 
of brass, which corresponds to a pion kinetic energy in the neighborhood of 
107 MeV. 

Following the discussion in the introduction, we list the bevatron value 
for the mass difference between the 0+ and the ct, 


M(6+) — M(7)=(—-9 + 13) m, 


which is based on 4 examples. 

As yet, there is no information as to the spin J and parity P of the 0+-meson. 
As in the case of the 6°-meson, the fact of 2x-decay implies that P = (—1)’. 

So far, there does not appear to have been any lifetime determination 
based on a homogeneous group of 0*-particles. However, the fact that the 
observed frequency of 0+-decay relative to 7+-decay is at least roughly inde- 
pendent of the time of flight rather implies that the 0+ lifetime is comparable 
to that of the t+, namely of the order of 10-8 s. 


2°2.3. 0°. The evidence for the existence of a negatively charged counter- 
part of the 0° is still of a very preliminary character. The most detailed piece 
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of evidence appears to be the V -event observed in the Paris double chamber 
and reported here by RAU. The decay takes place in the upper (magnetic) 
chamber with a laboratory angle of 2.4° + 0.3° and a secondary Lia 
in the neighborhood of 3 GeV/c. The primary momentum is no. measurable. 
The unusual feature of the event is that two electron showers are observed 
in the lower (multiplate) chamber, the directions of both showers being con- 
sistent with the assumption that the initiating photons originated in the V--decay 
in the upper chamber. The energies of the showers and the included angle 
agree very well with the assumption that the initiating photons originated 
in the decay of a z°-meson. With the assumption that the negative fragment 
of the V7 is a x (it does not interact in 0.4 /,), the calculated Q(x, 2°) value 
is (188 *1°) MeV. However, as these authors are careful to point out, this event 
admits two alternate interpretations: 


i) Since the V--particle is fast and the observed angles are small, the 
two electron showers are equally well consistent with an origin in the lead 
above the chamber. 


ii) The sign of the charge is not unambiguously determined. The 
standard deviation in the sagitta of the charged secondary is stated to be 
100%; in other words, with an error of two standard deviations in the sec- 
ondary momentum, the event would be perfectly compatible with 6*-decay. 


A number of the fast V7-decays observed in magnetic cloud chambers 
are dynamically compatible with the decay 0° > + 7°, although such 
observations do not as yet provide any convincing evidence for this particle. 
For example, REYNOLDS described an event which is not consistent with known 
hyperon decay. Assumption of @-decay leads to a mass of (954 + 30)imz; 
whereas assumption of K, decay leads to a mass of (790 + 25) m,. However, 
the possibility of ~~ decay cannot be ruled out, etc. 


23. The K}-meson. — The existence of a positively charged K-particle which 
decays into a monoenergetic u-meson 


(9) i a e ie 


was first resolved from the class of K,-mesons by the École Polytechnique 
group [54, 55]. In the earlier work, the argument for two body decay was 
based essentially on the rather conspicuous absence of secondary ranges be- 
tween 15 and 60 g/cm? of copper, since only two secondaries (with range a little 
below 75 g/cm? Cu) were actually stopped. Comparison of the observed ranges 
of the charged secondary with the directly measured primary mass suggested 
that the charged fragment was a muon and that the neutral fragment was 
a neutrino or a photon. Distinction between the latter possibilities was pro- 
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vided by the absence of electron showers in the direction opposite to that of 
the charged secondary. 

More recently, a clear range grouping in the neighborhood of 75 g/cm? Cu 
has been identified by the Ecole Polytechnique group [56] (9 cases); and 
confirmed by the M.I.T. group [57] (5 cases). The combined data, as reported 
by GREGORY, indicates a mean range of 75.8 g/em? Cu which corresponds to 
a muon kinetic energy of about 145 MeV. 

New confirmatory evidence for the K, particle was presented here by 
MERLIN in his report on the G-stack collaboration. To date, 22 K, decays 
have been identified in the G-stack. 

Six of the charged secondaries come to the end of their range and all 6 are 
identified as y-mesons from the characteristic electron decay (*). The six 
ranges group in the narrow interval 19.6 to 21.4 cm, with a mean range of 
20.52 em, and a corresponding muon kinetic energy of about 153 MeV. 

The 16 remaining secondaries, which do not stop in the stack, are identified 
as muons by scattering and blob density. The individually determined energies 
lie in the narrow interval 144 to 166 MeV, with a mean energy of about 
152 MeV. 

There is no direct evidence as to the nature of the neutral fragment; however, 
the fact that its mass is small (<m_, for example) is strongly implied by 
comparison of the directly measured primary mass and the energy of the 
decay muon. 

Very similar results, but with slightly inferior statistics, obtained with 
the bevatron-exposed Paris stack were reported by CRUSsARD. Three stop- 
ping secondaries give a mean range of 20.33 cm which corresponds to a muon 
energy of about 150 MeV. Ten non-stopping secondaries, identified as muons 
from grain count and scattering, yield a mean energy of about 148 MeV. 

New multiplate chamber results of the Aiguille-du-Midi group were re- 
ported by COURANT. Five stopping secondaries yield a mean range of 102.2 g/em? 
of lead or a muon kinetic energy of about 149 MeV. 

The bevatron value for the Kj; mass relative to the t+, as communicated 
by STORK, is 

MIK) Mart) = (2 + 10)-m, 
and is based on 7 cases. 

The decay scheme (9) of the Kj implies that it is a boson; however the value 
of the spin is not known 

Two electronic lifetime determinations, both of which are believed to refer 
to the K/, have been made. Hyams reported the result 


t(Kt) = (10.842%)-10-> s. 


(*) The sign of the charge is not unambiguous here, since negative u-mesons often 
decay at rest. 
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REYNOLDS reported the result 
t(K})=(8.0+0.7)-10-?s. 


The two measurements are in good accord. 

There does not appear to be any unambiguous evidence for the negative 
counterpart of the K,, although there is certainly room for a few such par- 
ticles among the V -events observed in magnetic cloud chambers. Two such 
possible examples were described by RAU. 


24. The x*-meson. — We now come to discussion of two charged K-mesons 
—the x* and the Ky whose decay involves two (or more) neutral fragments 
in addition to the observed charged fragment. The elucidation of the decay 
scheme is considerably more difficult than in the case of two body decay, and 
our knowledge of the decay schemes is correspondingly less complete. In 
addition, it turns out that these 3-body decays are observed with relatively 
jow frequency, so that the first step in their study is unambiguous identifi- 
gation in the presence of a large background of oo and 0*-mesons. 

The first example of x-decay, discovered by O’CEALLAIGH in 1951 [58] is 
one of the few cases known at the present time, in which the muon fragment 
comes to the end of its range in the emulsion and is unambiguously identified 
by its characteristic electron decay. Confirmatory examples of this type were 
found by the Rome, Rochester, and Paris groups. The energy of the decay 
muon, as deduced from the observed ranges in these examples, was found to 
vary from 6 to 33 MeV. The importance of determining the decay spectrum 
and its end point was recognized. Numerous examples of S- and V-events 
with apparently variable energy secondary were reported in the literature, 
observed both with nuclear emulsion and cloud chamber, and tentatively 
identified with x-decay. It has only been in the last year or so, with the 
improved techniques now available, and with the resolution of the K,,, that 
it has become apparent that x-decay is a relatively infrequent event. The 
question of the relative frequency was discussed here in some detail by BONETTI 
in his report on the G-stack collaboration. 

A summary of the present status of the x* problem was given by FRIED- 
LANDER. There are 4 new examples of x*-decay from the G-stack in all of 
which the charged secondary comes to the end of its range in the emulsion 
and undergoes electron decay. If these are combined with data already 
published, in which there are 5 examples with stopping secondary and 4 se- 
lected examples with long non-stopping secondaries, etc., the total number 
of events comes to 13. In this combined set of data, the numbers of decay 
muons in the energy intervals 0 —20, 20-40, 40-60, 60 —80, and 80 +100 MeV 
are 3, 3, 4, 1, and 2, respectively. It is certainly too early to regard these 
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numbers as giving indication of the shape of the spectrum since, aside from 
the statistics, the observations are known to be subject to considerable bias. 
In the case of stopping secondaries, low energies are favored by the finite 
size of the stack. This bias can be substantially eliminated in the very large 
stacks by selection of secondaries with initial directions which correspond to 
potential ranges > 20 cm. For the non-stopping secondaries, the secondary 
must be unambiguously identified to be a muon by grain count and scattering. 
For the high values of pf, long tracks are required in order to effect clear 
separation from the K and the 0*. For low energies, confusion with 7* 
secondaries may occur. 

Various hypotheses have been made as to the nature of the neutral frag- 
ments, for example: x>utv+y, x>p+v+% x>u+v4+7°, ete.; 
however, there does not appear to be any direct experimental evidence for or 
against any of these possibilities. 

The mass of the x+ relative to that of the ++, as determined with the 
bevatron K-particle spectrometer, is 


Mo) = Mie) = (4 12 £16) m,, 


and is based on three cases. 

As to the x lifetime, the argument made for the 0*-meson may be repeated 
here, with the tentative conclusion that the x* lifetime is probably of the 
order of 6L0=%8. 

As yet, there does not appear to be any evidence for the negative counter- 
part of x*. One the other hand, there is no reason to exclude the possibility 
that a few of the fast V -events are of this type. 


2°5. The Ky-meson. — The existence of @-decay of K-mesons was discov- 
ered in the Bristol laboratory [59] and confirming examples have recently 
been found by several groups. The energy of the decay electron is known to 
be variable, hence at least two neutral decay fragments are involved; however, 
there is no information as yet concerning their identity. 

FRIEDLANDER, reporting for the G-stack collaboration, summarized the 
status of our knowledge of this decay mode. Five new examples of K,-decay 
have been found in the G-stack. Of the 5 secondaries, 3 are identified to be 
electrons from bremsstrahlung loss of energy, 1 produces a knock-on electron, 
and 1 is very slow. To these examples may be added 4 previously reported 
cases and two new cases reported to this Congress by CRUSSARD, bringing 
the total number to 11. The numbers of decay electrons in the energy inter- 
vals 0--40, 40--80, 80--120, and 120--160 MeV are then 1, 3, 6, and 
respectively. As in the case of the x-decay, these early statistics must be 
treated with caution since it is known that both the low and high energy ends 
of the spectrum are liable to severe bias. 
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At least one example of Kj decay has been observed at the bevatron. 
The K,-decay mode has not yet been identified in cloud chambers. 


3. — Miscellaneous topics. 


We now take up three miscellaneous topics: the so-called anomalous 
6°-events, the short-lived V7 component, and the evidence for heavier K-mesons. 


| 3°1. The anomalous 0°-events. — The complexity of the V? or non-protonic 
group of V°-particles was first shown in the original Q-curve plot of the In- 
diana group [36, 2] in which one event, No. 328 [60] was found to fall far 
inside the Q-curve for normal 0°-decay. Since that time, a total of about 
20 neutral decays with Q(z, 7)< 214 MeV have been reported by various 
magnet chamber groups. It should be emphasized that the term « anomalous 
§?-events » is a misnomer since there is not evidence that the anomalous events 
have anything to do with the 6°-meson. 

As to the reality of the phenomenon, these anomalous events represent a 
relatively rare type, say 5 to 10%, of V°-decay; hence the possibility that a 
few of the events are actually neutral induced 2 prong stars in the gas of 
the chamber cannot be excluded. Also, since distinction between the anoma- 
lous events and normal 6°-decay is usually based on momentum measurements 
on the decay fragments, a few of the events may represent distorted 6s and 
even distorted As. However, the majority of the anomalous events do not 
easily admit such trivial explanations; thus it is very likely that the phenom- 
enon is real. But aside from the reality of the effect, very little can be 
said about the anomalous events as yet. 

The Q-surface plot of the data [9] shows that the points are rather uniformly 
dispersed; thus it does not appear feasible to interpret the data in terms of 
any single 2-body decay process. There is of course no assurance that the 
sample is homogeneous; however, unless the sample is quite heterogeneous, 
a 3-body decay is probably indicated. This fact finds independent support 
in the manifestly non-coplanar case published by VAN LInT et al. [61]. 

Evidence for the 2-body character of V3 particles as a group, based on 
coplanarity and transverse momentum arguments, has been cited by BAR- 
KER [62]. However, the statistical weight of this data is actually not very 
compelling, either with regard to the normal 00-events or with regard to the 
anomalous events. The total sample consists of 7 examples; of which 2 are 
anomalous, in that the Q-value is considerably below 214 MeV, (11473? and 
20%), and 1 is probably anomalous (16943). The remaining 4 examples have 
Q-values ranging from (193470) MeV to (260*%) MeV. In 1 of the 3 anomalous 
examples (and in 2 of the 4 normal examples), the momentum of one of the 
charged fragments is unmeasurable. 
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| Within the statistics, the representative points in the Q surface plot are 
symmetrically distributed with respect to the plane x = 0. Im other words, 
the momentum appears to be symmetrically divided between the positive and 
negative fragments, which suggests that they are of approximately equal 
mass, on the average. Contrary to the situation with normal 6°-decay, it is 
known in 6 of the anomalous cases that both fragments are less massive than 
K-mesons from ionization and momentum. In two events, one of the fragments 
is heavily ionizing and is identified to be an L-meson. 

Various suggestions and conjectures as to the decay scheme or schemes 
have been made. 


i) Vo+K++7*. The V}scheme was originally suggested by LEIGHTON 
et al. [63] to explain a V°-event with heavily ionizing negative fragment. 
Following this suggestion, BARKER [62] concluded that the Manchester V? data 
which is not compatible with normal 6°-decay (Q = 214 MeV) could be of 
the V} type. More recently, in a private communication from LEIGHTON, it 
appears that the original V} event admits an alternate interpretation as a 
Vi-event. 


li) 10 ->nt+n_ +70 +80 MeV. From the principle of charge inde- 
pendence, a neutral 7-meson might be expected to exist and to decay into 
2 charged pions and 1 neutral pion. The apparent Q(x‘, 77) value in such a 
decay would be continuously distributed [9] in the range 0--80 MeV. The 
observed Q(x+, 77) values vary from about 40 to about 150 MeV, so that not 
all the anomalous events can be explained in this way [61]. There is no spe- 
cific evidence that any of the events with Q(zt, 7-) < 80 MeV are actually decays 
of this type. 


ili) 0° >7++-n-+vy. TREIMAN [64] has estimated the acceleration of 
the electric charge. It appears that the probability of bremsstrahlung is too 
small, by one or two orders of magnitude, to account for all the anomalous 
events in this way. However, the effect should occur in a few cases. 


iv) 00>r*+u* +v+248 MeV. Van Lint et al. [61] have pointed 
out that an alternate decay mode of the 6°-meson, in which a mvon and 
neutrino are emitted instead of one of the pions, would explain all the ano- 
malous events and not require assumption of a new type of particle. In this 
case, the apparent Q-value would have a spectrum [9] extending from 0 to 
248 MeV. However, there is no specific evidence as yet that any of the ano- 
malous events are actually decays of this type. 


v) The Cowan photograph. CowANn has reported a V°-decay which is 
of unusual interest in view of the mass measurement on the negative frag- 
ment [17]. Although the momentum is high ((875 + 70) MeV/c), the negative 
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track is heavily ionizing ((1.70 + 0.19) I, by drop count), indicating a mass 
near that of a proton (1850 4250) m, or near that of an electron (*). The 
positive fragment is identified to be a 7°-meson, from its characteristic 7-1 
decay in flight. A detailed ciscussion of this event is given elsewhere [9]. 


3°2. The short-lived V~ component. — Study of the charged V-decays 
is certainly a more difficult and so far less rewarding method of elucidating 
decay schemes than the study of decays at rest. Nevertheless, this line of 
attack should be developed and pursued if for no other reasons than the 
following: 

i) To investigate the decay schemes of the negative unstable particles. 
According to present ideas, these) 


invariably undergo nuclear capture STI 
at the end of the range, hence the AAA Z Ve 
decay schemes cannot be studied by 3 
the methods that have been so 3 o a 
successful with the K*-mesons. È = 2 

ii) To investigate the nature; È © ° yr 
of the unstable particles produced = e a 
in interactions of very high energy. 3 Ù 
For example, current theoretical È 
ideas, to be referred to in Part II, iad. LU ET DI 7 roo 

ui 20, 93h 50. bo Ie 


suggest that certain restriction on 5 0 
the nature of the unstable particles 
produced should be relaxed at ener- 
gies sufficiently high that the multi- 
plicity of strange particles is high. 


LABORATORY DECAY ANGLE 


Although the V*-events have | 
been the subject of a number of 
investiga- tions, including new work 
reported to this Congress by the 
Berkeley, Indiana, Paris, and Prin- 
ceton groups, very few firm facts are 


as yet available. Since the expe- deg. 
rimental situation is still rather fluid, ar RT RE TO E “n 
no attempt will be made here to LABORATORY DECAY ANGLE 


summarize all of the experimental Pig. 1: 


(*) The mass determination is double valued, in view of the relativistic rise in 


jonization. 
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findings. Instead, I would like briefly to call attention to one of the most 
interesting aspects of the problem, namely the short lived negative com- 
ponent. 

The existence of the short lived negative component was first shown in 
the analysis of the Indiana V* data by Dr. Y. B. Kim [65]. The (particular 
type of) charge asymmetry revealed by this study is illustrated by the scatter- 
gram of Fig. 1, in which the laboratory decay angle is plotted as abscissa and 
the vertical coordinate of the decay in the chamber is plotted as ordinate. 
Whereas the V*-events are fairly uniformly distributed throughout the dia- 
gram, the V -events are strongly concentrated in the upper left hand corner, 
close to the shaded areas where the scanning efficiency for V* events is believed 
to fall off. The mean values of t/7 for V+ and VT (0.49 and 0.33, respectively) 
bear out the apparent difference in lifetime suggested by this plot. In view 
of the fact that the corrections for scanning bias and for velocity spectrum 
are both such as to augment the observed difference, it was concluded to be 
very likely that an abundant short lived (< 10-? s) negative component is 
involved [66]. 

This result is of considerable interest because, as now seems very likely, 
the lifetimes of all known K*-mesons appear to be long, that is, in the neigh- 
borhood of 10-73 s. It was not at all excluded in the Indiana work that some 
of these short-lived V -events were due to XY” decay. However, in that case 
the absence of a correspondingly short lived Y* component must be explained. 

The existence of a short lived negative component and the absence of a 
comparable short lived positive component has now been confirmed by the 
C.I.T. group, the Paris group, and the Berkeley group. The C.I.T. group had 
previously reported evidence for a short lived positive component [67]. How- 
ever, this observation was not confirmed and the short lived negative com- 
ponent was found in later work with the 48 inch magnet [68]. According to 
a private communication from LEIGHTON, this discrepancy is not yet under- 
stood and the C.I.T. data should be regarded as giving no information either 
way with respect to the suggested short-lived positives. 

On the other hand, the Princeton group, as reported here by REYNOLDS, 
finds a short lived negative group, but also a short lived positive group. Both 
are attributed to K-mesons. The reason for this apparent discrepancy is not 
known to the present author. 

Very interesting new results of the Paris group on the negative V-events 
were reported to this Congress by RAU. Although in a few instances it is 
possible to tentatively identify the events as due to the negatively charged 
counterparts of some of the known K+-mesons or hyperons, it is not clear 
that such identification can be made for the main group. In this connection, 
the information provided by interactions ef the charged and neutral second- 
aries in the lower or multiplate chamber is of the greatest interest. 
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The charged secondaries are found to be predominantly interacting (11 inter- 
actions out of an expected 12.4) and therefore are mcstly negative pions. The 
probability that half the secondaries are muons is in the neighborhood 
of 5%. 

Of the known types of decay with pion secondary; namely &, 0, 7’, and Gres 
the last two cannot account for more than a small fraction of the V -events. 
The neutral secondaries characteristic of ©” and 097 decay were searched for 
in the lower chamber along the appropriate line (or cone) of flight calculated 
from the measurements in the upper chamber and the known dynamics for 
these two assumed processes. If all the events were 6 -decay, 10.8 electron 
showers should have been seen, whereas only one such event was found (*). 
Tf all the events were X-decay, 7.5 neutron interactions should have been 
found, whereas only one was seen. However, these observers are careful to 
point out that the detection efficiency for neutron interactions may be low 
and that as far as these results are concerned, 50% of the V -events could 
be & -decay. 

It is clear that the nature of the V -events is an important problem for 
future work. 


3°3. The 1480 experiment. - FOWLER gave a status report on the Bristol 
program of mass measurements on fast (non-stopping) particles from 
stars. 

Previous results [69] had suggested the possible existence of a mass erouping 
in the neighborhood of 1480 m.. These measurements have been continued 
in the G-stack, where the available track length is such that particles of the 
suggested mass and in the velocity interval previously studied can be stopped. 

As yet, the results in the G-stack are entirely negative. Out of 170 tracks 
which indicated a mass less than 1500 m, over the first 2 cm, all gave a final 
mass in the neighborhood of 1000 m,, or appeared to be protons, that is, did 
nothing at the end of the range. In the latter group, masses in the neigh- 
borhood of 1480 m, did not appear over long lengths of track. The reason 
for the 1480 grouping in the previous stack is not known. 

These results would suggest that in spite of the very careful work done 
by these experienced observers, mass determinations by pf and g* are still 
subject to fluctuations outside the purely statistical errors. Until the causes 
for these fluctuations are discovered and understood, purely statistical errors 
in anomalous masses So determined should be viewed with caution. 


(*) This is the event referred to in the section on Gad 
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II. Produetion and nuclear interactions. 


Although work on the production and nuclear interactions of the heavy 
unstable particles is still in a very early stage, an exceedingly interesting body 
of information is rapidly accumulating. A large number of new results have 
been reported at this Congress. 

The most striking single feature cf the observations, of course, is the phe- 
nomenon of association; first postulated theoretically by PAIS, and others, in 
order to account for the apparent discrepancy between the rates of production 
and decay. The first experimental observations of association, in production 
reactions of the type 


(10) med pis (A° or 3) + E 


i 


by SHuTT and his collaborators [4], and in K™ absorption 
(0191) K +M>Y+rn (97 = nucleon) 


by BARKER [70] and by DESTAEBLER [71], gave a considerable impetus to 
development of the theory. It is remarkable how all the facts, as we know 
them at the end of this Congress, fit into the theoretical schemes proposed by 
GELL-MANN and PAIS [14] and independently by NISHIJIMA [72]. 

It may be worthwhile to give a brief summary of these new ideas here, 
from a purely phenomenological point of view, in order to avail ourselves of 
the simple working rules which the theory provides for classification and 
ordering of the various phenomena. Attempts to find a theoretical basis for 
these ideas will be discussed later by GELL-MANN and by D’ESPAGNAT. 

According to these theoretical ideas, transitions which are allowed under 
the usual conservation laws may have quite different rates according to the 
degree to which the so-called strangeness of the system is conserved. Thus 
the strangeness appears to play the role of a new type of quantum number. 
Each fundamental particle is characterized by a strangeness number S, and 
the strangeness of a system is defined as the algebraic sum of the strangeness 
numbers of the component particles. The specific postulates which relate 
transition rates and degree of S-conservation are: 


i) Transitions in which $ is conserved (AS = 0) are fast, i.e. take place 
in times comparable to the nuclear time scale (~ 10-23 s). 


ii) Transitions in which AS = +1 are slow, i.e. comparable to the ob- 
served decay rates of the new particles (10-8--10-11 g). 


iii) Transitions in which |4S|> 1 are so slow that they are not observed. 
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The S-values which are attributed to the various particles in order to obtain 
agreement with experiment are listed in Table II. 


ee ee II. — S-Values of the fundamental particles. 
Se 0 =F | _ 9 
AO | 
(K+, 09) (p, n) (69, K7) (Ereit 
Ce li | PILAR MPT 


It is readily verified that the observed decay rates, as described in Part I, 
are all consistent with the assignments listed in Table II. 

We now proceed to the experimental data and discuss production, scat- 
tering, absorption, and hyperfragments, in the order listed. 


1. — Production. 


Many examples of the associated production of K and Y-particles have 
now been found, and the cross-sections appear to be appreciable. Conversely, 
all of the data, including the new examples reported here, are consistent with 
the view that copious production is always associated. However, this fact 
cannot yet be taken as established since the number of observations which 
permit detailed analysis is still very small. Furthermore, these good cases 
refer to a relatively narrow range of experimental conditions. 

The most unambiguous information, of course, ccmes from interactions 
observed in pure hydrogen, as well demonstrated in the work of SHuTT and 
his collaborators in which associated production was first established. FRETTER 
has communicated a progress report on the work of WILSON POWELL’s group 
using a very large 35 atmosphere hydrogen diffusion chamber exposed to the 
x- and neutron beams of the bevatron. Most of the data is as yet unanalyzed; 
however, there are already a number of photographs of associated production. 
There is one identified example of the process 


(12) a +po>Kt+A°+. 


From the point of view of S-conservation, this reaction is identical to equa- 
tion (10). Since pions have strangeness zero, it is evident that considerations 
of strangeness should be unaffected by the multiplicity with respect to pion 
production. Many of the cosmie ray observed examples of associated pro- 
duction are processes in which the pion multiplicity is relatively high. 
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In a few very fortuitous examples of associated production in nuclei, there 
is internal evidence that the interaction is an elementary one, involving a 
single « peripheral » nucleon. CoATES reported a case of this type, which is 
very probably an example of the process 


(13) at +n—>kKt-4+ A°., 


The K+-meson decays in flight and the charged secondary is identified to be 
a muon from droplet count and momentum, The decay dynamics suggest 
that the K*-meson is a Ke; however, the possibility that it is a x* cannot be 
excluded. From the standpoint of strangeness considerations, equation (13) 
is identical to equation (10); however, COATES’ example is apparently the first 
instance of production by a positive Pion. 

We have heard reports of a number of new examples of associated pro- 
duction in emulsions. Generally speaking, data of this type are less convincing 
with respect to the elementary character of the process then data obtained, 
for example, in the hydrogen chamber. However, the results are, at least so 
far, more informative with respect to the specific character of the unstable 
particles produced, particularly when the products are brought to rest in the 
very large stacks. A variety of K+-decay modes have been identified; the 
specific new examples reported here are listed in Table ITI. 


TABLE III. — Identity of K in associated production. 
Hyperon | K-meson 
Group = — — = --=- -- 
Identity Remarks Identity Remarks 
Bristol pany decay in flight | x (Se) 
i decay in flight | 
| eee 7 x A =O ES 

Gottingen dI Q= (13574) MeV : | (> 37) 
Gòttingen Na produces o-star Ro (g* and pf) 
Ae decay in flight 
Bristol DI | Q = (115+5) Mev | 0+ (g* and pf) 


These examples, and the earlier ones, indicate that the hyperon is fre- 
quently a XY. However, it should be remembered that A° decay is seldom de- 
tected in the nuclear emulsion . 

One of the striking predictions of the theory is that there should be marked 
differences between the production of K+ and K~-mesons. Whereas K+-mesons 
should be readily produced in reactions such as 


(14) ee TG KELANA Or) 
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OT, 
(15) WW + N>K++(A° or XY) + 9 
the corresponding reactions for K are strongly forbidden (AS =— 2). Co- 


pious production of K -mesons, according to the S assignments in Table II, can 
take place only in association with K* (or 0°) in reactions such as 


(16) x+—>K- + (Kt or 09) + 
or, 
(17) GLK (Kr. 6) 904 90, 


A corresponding difference exists in the thresholds for production of K* and 
K--mesons. Whereas K+ production may be associated with conversion of 
an existing nucleon into a hyperon, as in equation (14) or (15), K™ production 
require; the simultaneous production of two K-particles. This difference may 
account, at least in part, for the observed positive excess of very slow K-mesons. 

Experimental information about association in K production is as yet 
very scarce. The two examples of K production in association with another 
K-meson, reported by KEEFE and by JOHNSTON, were therefore of particular 
interest. In the Bristol event (K~-Br,), the K~ stopped and produced a capture 
star, from which a X-particle emerged. The other K-meson (M=(880 +100) m,) 
left the stack after 14 cm of track so that its sign was not determined. The 
parent star was of type 6+5p. The five heavily ionizing prongs were all found 
to be stable particles. The shower particles comprised 3 pions and 1 proton, 
in addition to the two K-mesons. 

Indirect support for reaction (16) above is suggested by observations of 
the K+/K- ratio in the 4.3 GeV x beam at Berkeley. It is found that the 
positive excess, which is of the order of 100 to 1 in the proton beam, essentially 
disappears in the x beam. Reports of the K*/K™ ratio by ScHEIN and by 
G. D. RocHestER gave values of 11/8 and 3/3, respectively. These ratios 
suggest that at higher pion energies, reaction (16) above is the predominant one. 

Another striking consequence of the theory, for which we have heard new 
experimental evidence, relates to production of 2° hyperons. According to 
the strangeness assignments in Table II, the = hyperon with S =— 2 can 
be readily produced only in association with two K-mesons, each with S= +1 
(K+ or 6°). GeLL-MANN has communicated a remarkable photograph from 
ANDERSON’s laboratory [73] in which a E -particle, identified by its cascade 
decay, is in fact produced along with two probable 6°-mesons. 
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2. — Interactions of fast K-mesons. 


All of the available information on the subject of fast K-meson interactions 
is very recent. The first examples were reported within the last year by the 
Bombay [74] and the Bristol [75] groups. The events observed are of the 
type in which a K-meson emerges from its parent star and collides with a 
second nucleus in the emulsion. A K-meson emerges from the struck nucleus 
and decays at the end of its range. In favorable cases, the 7, 0+, and x-decay 
modes have been identified. So far, mass is the only basis for identification 
of the interconnecting track, so the possibility of a change of K-meson identity 
in the encounter cannot be excluded. These observations indicate that at 
least some K-mesons interact strongly with nucleors. 

One of the most important contributions to this Congress has been the 
report on scattering in the Berkeley K-meson beam, communicated by STORK. 
In a total of 27.3 m of K, track scanned (30 < E, < 110 MeV), 26 elastic scat- 
terings were found of which all but 9 are attributed to Coulomb scattering. 
In addition there are 16 «inelastic » scatterings and 2 possible charge exchange 
scatterings. Thus a mean free path of the order of 1m is indicated, or a 
caoss-section about 4 of geometric. So far, only 1.5 m of t+ track have been 
scanned; no interactions were found as yet. 

All of the K+ interactions observed, including the two provisionally inter- 
preted as charge exchange, are characterized by small visible energy release 
and absence of (charged) pion emission. 

These observations are entirely consistent with predictions of the theoret- 
ical scheme. According to Table II, the only (K*, 97) processes with large 
cross-sections at these energies are scattering 


(18) K+ +N>Kt+2 

and charge exchange scattering 

(19) Kae 7 Ii 

However, as in the case of production, the theory predicts marked differences 


between the interactions of K+ and KT-mesons. In the case of K’, ordinary 
and charge exchange scattering, 


(20) Ker eo Ke ar 
and 


(21) K +p > +n 
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are allowed; but in addition, the K~ may be absorbed in flight and the nucleon 
converted to a hyperon by processes of type (11). 

The fact that there are relatively more processes in which the K -meson 
does not appear as a product suggests that K™ mesons may be more readily 
absorbed by matter than K+-mesons. Indirect evidence for such a difference 
has been reported here by KEEFE, based on comparison of the number of 
evaporation prongs from the parent stars of K* and K -mesons. The data 
indicated that K~-mesons are preferentially emitted from the light elements. 
This may be explained in terms of a competition between production and 


absorption in the various nuclei, if it is assumed that K-mesons are more 


readily absorbed than K*-mesons. 

The bevatron data on K° interactions tend to confirm these differences, 
although the statistics are relatively poor due to the low intensity of K -mesons. 
In 3m of K track scanned, 6 interactions are found which corresponds to 
a cross-section about 4 of geometric. In three of the interactions, the visible 
energy release exceeds the kinetic energy of the incoming K -meson and an 
outgoing pion is observed. So far, no outgoing K -mesons or hyperons have 
been observed. 


3. Nuclear absorption of stopped K -mesons. 


Since the first examples of stars produced by nuclear capture of K”-mesons 
at the end of their range were reported by the Bombay group [76], many 
ok-events have been found. As in the case of fast K-meson interactions, 
mass determination is as yet the only means for identification of the incident 
particle; there is no indication as yet as to the specific character of those 
K--mesons responsible for the observed oK-events. 

From the earliest events, it was apparent that the visible energy of the 
majority of stars produced is considerably less than expected if the entire 
rest energy (~ 500 MeV) of the K -meson appeared in the process, as for 
example in the case of 77 capture stars. The reason for this discrepaney was 
suggested by the work of DESTAEBLER [71], who identified three examples 
of A°-decay and an L-meson associated with K stoppings, and of pr CORATO 
et al. [77] who observed the emission of a charged hyperon. Thus, in K™ ab- 
sorption, a substantial part of the K rest energy may go into «excitation » 
of a nucleon in the nucleus. The resulting hyperon may or may not escape 
from the nucleus; if it does escape, it may be neutral and thus avoid detection. 
However, oK stars of large visible energy (~ 500 MeV) can be expected occa- 
sionally, since both hyperon and pion can be absorbed in the same nucleus. 
In this way, the entire K° rest energy may eventually become available for 
nuclear excitation. The large oK-star reported here by TSsAr-UHÙ may be 


of this type. 


44 - Supplemento al Nuovo Cimento. 
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All of the presently known oK-events, including many new examples re- 
ported here, can be explained in terms of the elementary processes: 


(22) K~ + 97 -> A° (27 MeV) + 7 (150 MeV) 
(23) K-+ 9 > (15 MeV) +7 ( 90 MeV). 


These reactions conserve S and hence should be fast according to the theore- 
tical rules. 

KEEFE presented an analysis based on some 45 oK-events from a number 
of groups. Charged pions are observed in about 50% of the events. The 
absence of many high energy pions (only one case > 100 MeV) may indicate 
that the predominant reaction is the production of X hyperons as by equa- 
tion (23). This argument is complicated by the fact that pions from reaction (22) 
are very near the «resonance » energy. 

The energies of the charged hyperons, which escape the nucleus and are 
bserved in about 7% of the cases, are about as expected. However, in one 
r two events (in particular the GeMi event), the hyperon has a higher energy 
60 MeV). This may be an indication of two-nucleon absorption by the reaction, 


(24) Ky + 974+ 9 > X (107 MeV) + 97 (135 MeV) 


although the possibility of capture by a single nucleon of very high Fermi 
momentum cannot be excluded. 


4. — Nuclear absorption of stopped Y -hyperons. 


As yet, very few well-identified examples of oY-events [78] have been found. 
As in the case of K capture stars, the identification of the interacting particle 


is based on mass determination, and the results are equally not sufficiently 


accurate to distinguish between XY and 7, although most of the cases are 


probably the former. As to the capture stars, these appear to be rather small. 
The GRILLI report of a oY-star containing a hyperfragment was of particular 
interest since it provides the first evidence for the phenomenon of association 
in connection with Y absorption. The energetics of the fragment disintegration 
are compatible with expectation for non-mesonic decay of a bound A°. 


According to the theoretical rules, several fast processes may occur fol- 


lowing Y capture. The capture of a x may lead directly to A° production, 


(25a) Zi A Dee Ade Dia 
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It is also possible that the hypothetical X° may be formed by charge exchange 


(255) x +p> hau 
followed by the hypothetical rapid decay (2e) to yield a A°. The capture of 
a & should lead to production of two A° hyperons, either directly 


(26) RB +p—>A°+ A? 


or through the intermediary of the hypothetical 2°. 
The neutral hyperons produced in these processes may escape unobserved 
from the nucleus, in which case the visible energy of the star wili be very small. 


5. — Hyperfragments. 


The hyperfragments, first observed and explained by DANysz and 
PNIEWSKI [79] are one of the most interesting phenomena encountered in 
the investigation of the new unstable particles. In view of the number of 
examples which permit detailed energetic analysis, it appears well-established 
that the majority of hyperfragments are in fact nuclei to which (or in which) 
a A° hyperon is bound. 

The current status of the hyperfragment problem was summarized in detail 
by Danysz in his paper. Here, we will enumerate only a few of the many 
new species which were reported at this Congress. 


i) CrussaRD, FRANCOIS, and FOWLER (reporting for Oslo) have reported 
the first examples of the hyperfragment decay 


4H* > ‘He + 77. 


The binding energy of the A° in the three examples is computed to be (0.1 + 2.4), 
(1.2 +0.8), and 2.2 MeV, respectively. The existence of ‘H* was predicted by 
DALITZ [80,. 


ii) CrussARD and FOWLER (reporting for Oslo) presented examples of 


5He* > ‘He + p+ 77, 


where the binding energy of the A° is found to be (2.1-+1.0) and (2.8 +0.6) MeV, 
respectively. 
iii) CRUSSARD and KEEFE reported examples of a new decay mode 


of *H*, namely 


*H*+>?H+pt rt. 


682 R. W. THOMPSON 


iv) ScHEIN communicated the observation by Fry of a mesonic decay 
of carbon or nitrogen. This is apparently the heaviest hyperfragment yet 
observed to undergo mesonic decay. 


v) The first cloud chamber observations of hyperfragment decay in flight 
were communicated by GELL-MANN and by AMALDI. The C.I.T. example, 
probably ‘He*, is noteworthy because of the high momentum at emisson 
(1.6 GeV/c) and the long observed life (5.4-10-!° s) of the excited fragment. 
In the Rome example, a A° apparently undergoes normal decay while bound 
to a fragment of Z=1. There is no detectable deviation (to + $ degree) 
in the direction of motion of the fragment, thus suggesting a very small binding 
energy. A second example does not admit the same interpretation; however, 


this event may be explained as 7-decay. 


vi) CASTAGNOLI reported an anomalous hyperfragment, probable “Be*, 
with a minimum energy release of 340 MeV. This event, together with those 
previously found by Fry [81, 82] indicate the existence of a type (or types) 
of hyperfragment which cannot be explained in terms of a bound A°. These 
anomalous hyperfragments are one of the most interesting and important 
problems for future research. These events may provide a crucial test of the 
current theoretical ideas since the known hyperons heavier than the A° should 
«melt down» to a A° by fast reactions of types (25a) and (26) occurring in 
nnclear matter. For this reason, one possible explanation which is often 
discussed (see 1-1'4.3) is that the anomalous hyperfragments may repre- 
sent bound « heavy » hyperons of a new type. However, it should be remarked 
that these events could also be explained if a K-meson (S = + 1) could be 
bound in a fragment, since from S conservation, a K-meson would be expected 
to be sufficiently stable in nuclear matter to account for the observed lifetimes. 


The author is greatly indebted to the many workers who have sent manu 
scripts and private communications relative to their papers at the Pis 
Confererce. 

The author also wishes to acknowledge critical comments and discussion 
from many persons, the number being so large that it does not seem practical 
to try to list the individual names. 
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APPENDIX 


Critique of the Q-surface method. 


Since the Q-surface method has not been widely used, and therefore is not 
familiar to most workers, it may be of interest to present a brief critique of 
certain features of the method. 

The method is based on the conservation laws and the Lorentz equation 
for the force on a charged particle in a magnetic field. Thus a number of the 
restrictions and assumptions which are found elsewhere are completely avoided. 
For example: 


i) It is not necessary to make assumptions about the homogeneity of 
the group, as is necessary, for instance, if the fragment identities for the main 
group are conjectures on the basis of isolated examples in which one of the 
fragments is heavily ionizing (*). 


ii) No assumption is made as to the origin of the parent particle or as 
to its direction of motion, as, for example, is necessary in methods which depend 
on completion of the vector triangle. 


iii) Coplanarity, or related arguments, is not used. Proof that a given 
type of decay is a 2-body process from the absence of deviations from copla- 
narity implicitly assumes that angular correlations of certain types (*) do 
not exist. 


iv) No assumption as to the isotropy of 2-body decay is made, as, for 
example, in the interpretation of p,-distributions, «-distributions, ete. 


v) No use is made of the behaviour of charged particles on traversal 
of matter. No assumption is made as to the variation of ionization with velo- 
city, range-energy relation, scattering constant, interaction cross-sections, ete. 


vi) The method is not restricted to isolated or fortuitous events with 
consequent restriction or bias of the sample. For example, it is not necessary 
that the secondaries stop, or interact, or decay. The method is applicable 
to the main body of data, subject only to the limitation that the fragment 
momenta can be measured. Surprisingly, the nature of the neutral unstable 
particles is known over a wide range of energy, say 0--10 GeV; whereas in 


(*) To the author's knowledge, there is as yet no example of normal 0° decay 
(Q(z, ™) = 214 MeV) in which the upper mass limit on both fragments is less than K-meson 
mass. An unpublished example of COwAN and Kapyk, which requires a drop count 
on a track of less than twice minimum ionization, may be a possible exception. 

(+) For example, with the normal to the decay plane preferentially oriented per- 


pendicular to the direction of parent motion. 
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the case of the charged particles, firm knowledge at the present time is limited 
to kinetic energies up to 0.3 GeV. 


On the other hand, the Q-surface method used by itself has certain char- 
acteristic limitations: 


i) It is essentially a statistical method and therefore requires a large 
set of data. It is not possible to establish a decay scheme from a single example 
or even several examples. Although in principle, a decay which is known 
a priori to be a 2-body precess could be completely elucidated on the basis 
of 3 events, proof of the 2-body character of the decay and resolution from 
other types of decay will require a large set of data. 


ii) Even though all extant decay schemes were elucidated, complete 
assurance as to the identity of an individual decay event could not always 
be given. For example, the A° and 6§°-surfaces intersect in a skew curve in 
decay space. The assignment, by dynamic means alone, of events which lie 
along the intersection is ambiguous. 


iii) The distinction between decay fragments of comparable mass may 
require data of high statistical weight. For example, the @-surface method 
is probably not the easiest way to establish that the 0° fragments are pions 
rather than muons. 


iv) The Q-surface method by itself has severe practical limitations in 
the case of 3-body decay. 
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Allocution finale des travaux de la Section A. 


L. LEPRINCE- RINGUET 


Ecole Polytechnique - Paris 


Je tiens A prendre la parole pour dire quelque mots, en cléture de cette 
Conférence, de la part des physiciens étrangers qui y sont venus en grand nombre. 
Permettez-moi d’abord d’exprimer tous nos remerciements pour Ja remarquable 
organisation de cette réunion: nous avons beacuoup de reconnaissance envers 
le Professeur CONVERSI qui est parvenu, malgré de grandes difficultés, a rendre 
cette Conférence extrémement fructueuse. Nous avons pu constater, à Bagneres, 
la difficulté de mettre sur pied un Congres international, mais le probleme qui 
se posait pour Pise était beaucoup plus complexe car il y avait en fait trois 
conférences simultanées dans une ville deja chargée de nombreuses autres 
activités. Je suis persuadé que lesa utres physiciens de Pise, en particulier le 
Professeur SALVINI, ont apporté un concours considérable, et je voudrais re- 
mercier également de leur aide Mme DELPUNTA et Melle Fanuccr. Nous 
sommes également reconnaissants à M. le Recteur de Université de tout ce 
qu'il a fait pour la réussite de cette grande conférence. Mais nous avons aussi 
une dette de reconnaissance envers le Professeur PoLvANI, Président de la 
Société Italienne de Physique: nous avons avec lui les relations les plus ami- 
cales et nous sommes très touchés de la facon dont il a su aider la science des 
particules fondamentales & s’exprimer, grace à, Peftort considérable qu’il a porté 
sur le Nuovo Cimento. Ce périodique est devenu, par la rapidité des publi- 
cations et excellence des reproductions, le reflet le plus fidèle de toutes les 
discussions et de tous les travaux qui s’effectuent autour des rayons cosmiques 
et des particules fondamentales. Permettez-moi de remercier également le 
Dr. Corpi du dévouement considérable qu'il a apporté dans cette entreprise. 

Notre séjour a été agrémenté par un certain nombre de manifestations 
remarquables qui nous ont enchantés: en particulier la féte des lumières était 
merveilleuse, la sobriété et la dignité de cette manifestation nous a montré 
Pune des traditions les plus distinguées de l’Italie. Nous avons été de plus tres 
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touchés d’étre associés A la manifestation dans laquelle ’émouvant éloge du 
grand FERMI a été prononce. 
Us Congrès a été très fructueux et s'est placé a un excellent moment. LI 
faut dire que chaque congrès a sa physionomie particuliére: a Bagneres, les 
machines susceptibles de produire des mésons lourds apparaissaient a l’horizon 
lointain, mais aucun résultat n’avait encore été obtenu dans le domaine qui 
nous intéresse. Il n’en est pas de méme aujourd’hui et l’apport direct ou in- 
direct de Berkeley et de Brookhaven a été l’un des évènements les plus con- 
sidérables de cette réunion. Ce Congrès s’achéve sous le signe de la conciliation ; 
il semble que les différences entre les résultats obtenus par les diverses techni- 
ques sur les particules fondamentales s’estompent et se réduisent: pour les 
masses, les vies moyennes, les proportions, tout parait se rapprocher. Est-ce 
un reflet de la politique de détente internationale qui se développe dans le 
monde, est-ce au contraire le sentiment de crainte devant Vavénement de 
Berkeley: on se réunit lors d’un orage ou dune catastrophe que Von sent 
proche. Une autre manifestation nouvelle est Vapparition de collaborations 
très étendues, et le G-Stack en fournit un exemple étonnant: on sera bien obligé 
de trouver les mémes resultats lorsque le G-Stack aura absorbé tous les phy- 
siciens des particules fondamentales: 32 signataires parmi les plus éminents 
représentent déjà une importante proportion. 

Mais, attention, les problèmes vont devevir plus subtils et nous allons avoir 
a réfléchir sur la notion de la particule: il semble qu’actuellement d’impor- 
tantes discussions se rapportent a des différences de masse très faibles, infé- 
rieures à 30 masses électroniques, c’est-a-dire a moins de 3%. La correspon- 
dance des résultats obtenus avec les émulsions dans les différents laboratoires 
nous montre d’ailleurs à quel point les émulsions ont des caractéristiques re- 
marquablement constantes: nous avons beaucoup de reconnaissance envers le 
Dr. WALLER qui a réussi a mettre entre nos mains un dispositif aussi parfait. 

Au sujet de la notion de particule nous devrons nous poser certains pro- 
blemes: si plusieurs particules sont identiques avec une compétition entre 
plusieurs modes de désintégration, la proportion des différents modes sera 
toujours la méme, quel que soit l’appareil utilisé pour leur détection, et les 
vies moyennes des différents modes seront les mémes. Mais on peut concevoir 
des particules qui soient les mémes a la production et qui auront des vies 
moyennes tres différentes, il n°y a pas dans ce cas compétition entre plusieurs 
modes de désintégration. En revanche, les proportions des positifs aux néga- 
tifs dépendront de l’observation si la production ne s’effectue pas de la méme 
facon. Je pense que ces notions d’identité de particules vont nous occuper 
pendant longtemps. On assiste d’ailleurs & ce spectacle troublant, A savoir 
que les deux particules qui semblent les mieux connues, qui ont les masses les 
plus sùrement identiques (à de très faibles erreurs près), à savoir le 7 et le % 
sont rejetées avec horreur comme susceptibles d’étre identiques. 
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Pour terminer je me demande où en sont les cosmiciens? A Bagneres, a 
la fin du Congrès, je les avais comparés a des montagnards grimpant rapi- 
dement une montagne très élevée dont le pied était progressivement envahi 
par une immense marée, celle des machines. Actuellement, ce n’est plus une 
marée, c'est un raz de marée et nous avons déjà les pieds dans Peau. Pouvons- 
nous monter assez vite vers des énergies de plus en plus grandes pour ne pas 
étre complétement noyés très rapidement? Il faut dire d’ailleurs que les res- 
ponsables de ce raz de marée, à savoir les physiciens des grandes machines, 
sont pour nous d’une gentillesse extraordinaire et mettent à notre disposition 
tous les moyens pour nous sauver: nous avons déjà exprimé nos remerciements 
à Berkeley et è Brookhaven pour leur attitude extrémement fraternelle et 
efficace, et cette attitude augmente encore non seulement les liens d’amitié 
‘qui existent entre nous, mais développe également le plus noble esprit scien- 
tifique. C’est une joie pour moi de dire cela. 

Néanmoins, il est probable que si les cosmiciens sont capables de regarder 
les possibilités d’expériences nouvelles avec des techniques améliorées, ils 
pourront explorer de nouveaux domaines. Depuis 25 ans nous avons toujours 
préparé le travail des machines et nous avons di, aussitòt leur arrivée, aller 
chercher plus loin notre inspiration en modifiant nos techniques. Je voudrais 
terminer par un point d’interrogation: combien de particules nouvelles seront, 
@ici cing ans, découvertes dans le rayonnement cosmique? 


PA Ree He ECO NED 


Sezione B: Teoria quantistica dei campi e interazione tra mesone e nucleone. 


Relativistic Invariance in Quantum Mechanics. 


E. P. WIGNER 


Palmer Physical Laboratory - Princeton, N.J. 


[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 3, 517 (1956). Qui riportiamo solo il riassunto. N. d. PR.) 


Summary. — A detailed analysis is made of the theoretical possibilities of con- 
structing a quantum mechanics and consequently of a description of the elementary 
particles, based on a definition of the postulates of relativistic invariance and then on 
the simmetry properties connected with the complete Lorentz group, including displa- 
cements in space and time and inversions of both the space and the time coordinates. 
It is then pointed out how the validity of every conclusion deriving from simmetry 
considerations depends essentially from the fundamental problem of the « measurab- 
ility » of the field quantities. 
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Space and Time Reflection in Quantum Field Theory. 


G. MorpurGo and B. F. ToOUSCHEK 


Istituto di Fisica dell Universita - Roma 
Istituto Nazionale di Fisica Nucleare - Sezione di Roma 


(Reported by G. MoRPURGO.) 


Part of what I am going to say has been already published [1], part is new; 
T shall first summarize the contents of the papers already published and next 
present the new results. 

The starting point of our investigation has been the remark that even in 
classical point mechanics a more precise definition of time reversal is needed 
to avoid some apparent paradoxes. 

This is clearly exhibited by an example discussed in I, where attention was 
given to a system described by the Hamiltonian 


(1) sp ip xr) Vir) 


It is apparent that the above system has to be classified as a reversible one 
because the equations of motion which may be derived from (1) are invariant 
with respect to the change ¢ into — t; on the other hand the Hamiltonian H (1) 
is not invariant with respect to the transformation r >—r, P ~~~ p which 
is usually assumed to characterize the time reversal operation. The reason 
for this is of course that p in (1) is just a canonical momentum, not the kinetic 
momentum; infact if we first perform a canonical transformation on (1) which 
leaves r unaltered and which changes p into 


dla CF(r) 
(1') PHP a a 


we may, by choosing F in an appropriate way, get the Hamiltonian 


(2) H=4p°— w:V*|r]) 
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which of course gives rise to the same equations of motion for r. In (2) pi 
is the kinetic momentum and (2) is obviously invariant under p' >-— p’. 

It is therefore clear, from this example that in order to classify in classical 
point mechanics a system as reversible or not, it is not correct to simply per- 
form on this Hamiltonian the transformation 


(3) Piedi r; >; 


and examine whether the Hamiltonian is left invariant by such a transfor- 
mation. Rather one has to perform all the transformations of the class 
| NMG Peed wore 


(4) | are at or, ree) | Perce fe 


and the system is invariant if by a convenient choice of F# its Hamiltonian 
is invariant under any one of them. More concisely we may say that a clas- 
sical system of point particles is invariant under time reversal if its Hamil- 
tonian is invariant with respect to any anticanonical transformation which 
leaves the r; unaltered, where by anticanonical transformation we mean a 
transformation with Poisson bracket —1. These are exactly the same as 
transformations (4) (*). 

It may be noticed that the above prescription for time reversal automatically 
transforms in the case of reversible systems, all the «observables », that is all 
the functions of r;, r; in a definite way (in fact r,; > r;; r; =[H, ri] ~—T;) 
but not the non-observables, e.g. p; (when p; is net a kinetic momentum but 
simply a canonical one). 

It is easy to extend the above definition to quantum systems of particles; 
the only point is to substitute the word anticanonical with the word anti- 
unitary; so a quantum system of particles will be said invariant with respect 
to time-reversal if a unitary matrix & exists such that 


(5) kH*k+ = H 
and. (**) 
(6) kr*kt = ri;. 


(*) A more expressive way to say the same thing is to observe, that if we insist 
on defining the time reversal transformation by the transformation (2), then in order 
to check whether or not a system is invariant with respect to time reversal one must 
consider not only, one Hamiltonian describing the system, but all the Hamiltonians 
which may be obtained from the given one by a transformation of the kind (1’); that 
is all the Hamiltonians equivalent to the one given. 

(**) In the case of particles with spin the further condition 

ko*k+ = — o‘. 
has to be added. 
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In words, if an antiunitary transformation exists leaving H invariant and 
satisfying (6). 

We remark that, of course,.if (5) would be the only condition which k 
should have to satisfy for a system to be reversible, then every system would 
be reversible because a k matrix satisfying (5) always exists due to the her- 
miticity of H. So condition (6) is equally essential as (5). Passing to the 
quantum theory of fields and denoting by capital A the matrix which for 
systems of particles we have denoted by k we now ask which are the subsidiary 
conditions on K which shall replace (6) in the case of a system of fields. 

Such conditions have to be in agreement with the correspondence prin- 
ciple, of course, and this immediately suggests to consider the set of the occu- 
pation number operators, as the ones which have a straight forward corres- 
pondence limit. For a one component neutral boson field, e.g. a set of such 
operators is the set of the momentum occupation numbers N. For a Dirac 
particle more indices are necessary to specify the occupation numbers, namely 
a spin index s and particle antiparticle index e so that the «momentum » set 
of occupation number operators will be denoted by N,,,; similarly for the 
other fields. We may thus try to give to the subsidiary conditions on K 
the form 


> aT O = 
(7) ale os oe (similar eq. for all the fields) 
KN Ney ae N pee 


so that tentatively a system of bosons and fermions is to be called invariant 
with respect to time reversal if a unitary matrix K exists which satisfies (7) 
and 


(8) ele == 


‘where H is the total hamiltonian of the system. 


The consequences of such a definition of time reversal, which I have here 
just sketched, were explored in detail in I and it was shown there that such 
a definition was in fact meaningful in the sense that on its basis some systems 
of fields could be definitely shown to be irreversible; for example, as shown 
also in more detail in II, a system consisting of nucleons coupled scalarly and 
vectorially to neutral bosons (compare also Li;pers [2]). This means that 
in some cases, as the above one, it was possible to show that no unitary 
matrix K existed satisfying (7) which also could satisfy (8). 

On the other hand the above definition was very unsatisfactory for the 
following reason: if one considers a system of fields which on the basis of the 
above definition is classified as reversible, that is for which a K ewists satis- 
fying (7) and (8), then the freedom still existing in the choice of K is such 
that most of the observables which we may construct through the field 
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operators (e.g. the charge density, the energy tensor density) do not transform 
under K in a definite way. This ambiguity has its root in the mathematical 
fact that, the most general AK satisfying (7) may be obtained from a parti- 
through the formula 


cular one K,= XK 


0bosons 0 fermions 


(9) K = exp [rN ,, CN ood N us AN: e) 


: , F , 
Py S1E1 DiS ily 


N. (and oL 


DI PSE 


where F is a real but otherwise arbitrary function of all the N 
all the other occupation numbers of the intervening fields). 

Although the requirement that A has to satisfy (8) somewhat restricts 
the arbitrariness exhibited by (9), still the freedom in / remains very large 
and most of the observables (namely all those which are not expressible 
through the N alone) do not transform under A in a definite way. 

Shortly we may say that the conditions (7), although already sufficient 
together with (8), to classify unambiguously as irreversible some systems, are 
not sufficient to define satisfactorily the time reversal transformation. How- 
ever this is by no means unexpected; in fact in writing conditions (7) we have 
given a preference to the momentum set of occupation numbers, while, in 
the spirit of the correspondence principle, all the sets of occupation numbers 
have to be treated on the same footing. Calling N,(Q) the occupation number 
of the state characterized by the eigenvalue q of the one particle observable Q, 
we therefore shall now assume that not only (7) hold, but more generally K 
must satisfy for any field 


(10) ENO(Q)ES N FOO), 
of which (7) are a particular case. Conditions have to be satisfied for any choice 
of the one particle observables Q and for any q (compare III). 

Conditions (10) which, by the way, may be proved to be consistent, restrict 
enormously the arbitrariness existing in A; more precisely it is possible to 
show that considering for example a system of neutrons, protons, photons, 
charged and neutral bosons, the most general K which satisfies (10) may now 
be obtained from a particular one Ay (which has the form of a product of 
K,’s for the several fields) through: 


(11) K= exp[iF(ny , ns 5 ny, n>, nto) 
where n,m, 15, >, Ny, NI, né, ny are now the total numbers of neutrons 
antineutrons, protons, antiprotons, photons, neutra] and charged bosons, and 
F is still an arbitrary real function. ' 

With such a simple form of K the proof that some systems are irreversible 
is of course much more easy than before; but the important point is that for 


OI PO ca 
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the systems which are reversible it is now possible to show that every obser- 
vable (and by observable we mean here an operator which matrix elements 
vanish between states of different total charge Q, and different nucleonic 


number V,=n; +n; —n, —n,) transforms under K in a completely definite 
way. Moreover a doubly inverted observable is equal to the original observable. 
The proof proceeds along the following lines. From the fact that the most 
general A satisfying (10) has the form (11) it is possible to show that the most 


general A satisfying (10) and the requirement 


KH*k* =H 
has the form 


(12) K= exp [iF(N;, Q)1Ko 


provided only that the interactions between photons and nucleons and photons 
and bosons are the standard ones and the interaction between bosons and 
nucleons conserves the nucleonic number (and of course the charge). In (12) 
F is an arbitrary function of just N, and Q. It is then clear that for any obser- 
vable Q, on account of the above properties of the observables, 


OTK? — K,0*Kt 
0 


extablishing the result. Non observable quantities on the other hand as spinors 
and charged boson field functions, will not transform in a definite way be- 
cause of the function F in (12). 

We have thus a satisfactory definition of time reversal based on the cor- 
respondence principle and a satisfactory prescription for checking the reversi- 
bility or irreversibility of any system once an Hamiltonian describing it has 
been given. 

A completely similar formalism may be developed for space reflection; 
we shall not dwell on it here the only difference being that we have to deal 
with unitary and not antiunitary transformations (compare III). 

An application of the foregoing formalism is the investigation of the question 
if it is legitimate or not to attribute types to the fermions, and, once the types 
I have been attributed, to exclude by this mechanism the unwanted quadri- 
linear interactions between four fermions as done by YANG and Tromno. This 
question has not yet been considered in its full generality; rather attention 
i has been confined to one important case: if it is correct or not to exclude by 
a type assignment a reaction like 


n->pt+et+vy, 


where n is a neutron, p an antiproton, e* an electron, y a neutrino. 
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Of cause with our definition of an observable the Hamiltonian describing 
such a process is not an observable; however if one insists in using it is then 
possible to show that it is not correct, on the basis of our definition of time re- 
versal and parity to exclude by a type assignment an Hamiltonian containing a 
four-linear term giving rise to a reaction like the above one; the reason is sub- 
stantially that although, as shown by YANG and TIOMNO, a Ky may be assigned 
in such a way as to exclude the above reaction, in order to check the time 
(or space) reversibility we have to consider not only the particular transfor- 
mation induced by the X, in question but at least all the class (12) of trans- 
formations. And it is possible to determine F(Q, N,) in such a way that the 
Hamiltonian which is not invariant under the transformation A, is invariant 
under K; a situation completely similar to the one discussed at the beginning 
for the Hamiltonian (1). More details may be found in III. 
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INTERVENTI E DISCUSSIONI 


— E. P. WIGNER: 


The way I understand it, your first point is to emphasize the point that the time 
inversion operator is not fully defined by the requirement that it leaves the Hamil- 
tonian invariant. It must also satisfy all other conditions which follow from its cha- 
racter to «reverse the direction of motion » (words of LijpERS) but not to change the 
state in any other way. This is, of course, a very important point which has to be 
kept in mind, and I should say was kept in mind, where the operator of time inversion 
was determined. 


— G. MorruraGo: 


Yes. While for a system of particles the subsidiary conditions are already implied 
in your original paper (Géttinger Nachr., 546 (1932)) it seemed to us necessary to 
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examine these conditions in the case of fields where the problem is more subtle because 
of the appearence of non observables in all field theories. 


— E. P. WIGNER: 

It may be worth adding that for elementary particles, i.e. if the representation with 
respect to the inhomogeneous Lorentz group is irreducible, the group equations suffice 
to determine the operator of time inversion at least in the normal case. It is clear, 
first, that the time inversion must satisfy the group equations. It must, for instance, 
commute with space displacement, must transform an ordinary Lorentz transformation 
into the opposite transformation, etc. However, these conditions determine the time 
inversion operator except for a few alternatives similar to parity. 


— N. G. VAN KAMPEN: 

You pointed out that it is not necessary that the Hamiltonian be invariant for 
time reversal, but only that it transforms into a physically equivalent Hamiltonian. 
For example, all interaction terms of the type 


gpyty + g*yu*p* , 


with complex constant g, give physical results depending only on |g|?. Is this sort 
of freedom in the Hamiltonian also accounted for in your transformation involving 
MN Vin) 


— G. MoRPURGO: 
If any two Hamiltonians as the above ones are effectively physically equivalent, 
as one definition is just based on observable quantities, our answer is in the affirmative. 
According to our definition a system is or is not reversible according as an anti- 
unitary transformation exists such that 


(*) EEL AR le, 
(**) KN*(Q)K+ = NQ)- 
The procedure is first to consider the most general solution K of eq. (*) of the form 


K= e'FK,, and then to see if by some choice of F it satisfies (**). This is, of course, the 
same thing as to say that one explores all the set of equivalent Hamiltonians. 
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Centre of Mass State Vectors. 


J. HAMILTON 


Christ's College - Cambridge, England 


Angular momentum in the centre of mass system is one of the fundamental 
quantities that may be used to describe high energy collisions between pions 
and nucleons, and it seems to be important to give the field theory form of 
the centre of mass system specified by its angular momentum. 

First we notice the commutation relations which make possible a description 
of the centre of mass type. The field operators and the linear and angular 
momenta of the field are considered at one fixed time, so their commutation 
relations are unaffected by the pseudoscalar interaction between the pions 
and the nucleons. The linear momenta operators of the pion and nucleon 
fields are P” and P” respectively; the angular momentum for the pions is 
M” while M™ and M”s denote the two parts of the angular momenta of the 
nucleon field (M* and M* reduce to the orbital and the spin components 
in the non-relativistic approximation). Using the field commutators it is easy 
to show that for the pion field 


(1) iM Be 0, LM, be ete. 
and for the nucleon field 
(2) [IM PI=0= Le eos Pee P'|=hP% ete. 


It follows from (1) and (2) that if P = P”+ P” is the total linear momentum 
of the field, centre of mass state vectors DA defined by 


(3) P|: 2210 
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form a set of state vectors on which the total angular momentum M = M+ 
+ M* + M™s can be diag >nalized. Because P is the generator of infinitesimal 
translation the vector M| >, is independent of a change of origin of the spatial 
co-ordinates. It is easy to see that this description is independent of time. 

The resolution of field amplitudes into a complete set of spherical har- 
monics and related radial functions is an obvious way of describing the angular 
momentum of a field. For a neutral meson field we use (!) 


P(x) = Di > Qimk Gir) YY" (09) ’ 


k t,m 


Ae ge BS > Dion Gun) Vo” (Op); 


k l,m 


| 
(4) | 
| 


where im; and Px, are Canonical conjugate operators, Aeris 
Dime = ( 1)" Pimx- The radial functions g,,(r) form a normal orthogonal set: 


where k is any eigenvalue of kJ,_,(kR) = &J,, (kE) (É constant), and # is the 
radius of the sphere containing the field. For nucleons the corresponding 


expansion is 


Do erin Xiiem( A+ Kiem (AN2) ; 


(5) y(x) = x 2 


e is a creation-annihilation operator, v, and v, are two-component unit vectors 
in the representation in which the Dirac matrices are 


0 6 me 0 
a=(, 0) P=\o i} 


| corresponding to positive or negative energy particles, and 


al 


E Me? 3 m 
xisem( +) == (Pia Gix(t) W a ) 


with a similar expression for 7\,,,(+). E is the nucleon’s energy and M its 


rest mass, while W‘”” are the half-integral representatives of the rotation group 
formed from spherical harmonics and the Pauli spin vectors. 


(1) Compare R. G. Sacus: Phys. Rev., 87, 1100 (1952). 
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Separating qin. (c.f. (4)) into creation and annihilation operators bee 
bin; respectively, by the relation 


1 


h z ~ 
dink = (=| {Dine * (— De bia 
pe] k 


(where e, = +k’, w being the meson rest mass), we can define the vacuum 
state vector |0), and then can form state vectors |Imk), |lmk; Um'k’)..., 
representing one, two ..., etc., mesons. For fixed k the angular momentum 
operators M™” induce on the single meson state vectors |lmk> the same re- 
presentation as the infinitesimal generators of the rotation group induce 
on the spherical harmonics Y{"(9m). Thus if (ll’mm'| LIM) are the Clebsch- 
Gordon coefficients, then the sum 


(6) > |lmk;Vm'k'>(U'mm' |LM), 


m,m' 


for any fixed k, k’ gives a state of total angular momentum about the origin L 
and component M. We have to find the combinations of states like (6) which 
form centre of mass states so that their angular momentum is independent 
of the origin of co-ordinates. 

These centre of mass state vectors are formed by relating the expansion 
of a field operator in spherical harmonics as in (4) or (5) to the expansion in 
plane waves, for example 


(7) ®,(x) = Vi > ( : ) (by + b_4) exp [ik-a], 


k 2CEy 


where V is the volume of the field, and 6,, b, are the creation and annihilation 
operators. (4) and (7) may be related on using the formula 


R dp . i 
(8) exp [ik-a] = pai 8RY Di vada) 0O 


where (a, 6) is the direction of k. It is assumed that for sufficiently large R 
the discrete nature of the spectrum of k values can be ignored. We turther 
assume that in (7) V can indicate a spherical volume, provided the distribution 
of k values is uniform in Fourier space and of density V/(2a)%. Comparing 
(4) and (7) with the aid of (8) then gives 


pi a > Dim eg, B) , 


=0 m=— 


ee nr Ata a ee eee 
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and applying this relation to the vacuum state vector |0) gives 


(9) = 
120 m=—l 


R\} (co) 1 
a > SY |ImbiT9* (0). 


(9) relates the single meson state of linear momentum k to the spherical wave 
state vectors. State vectors describing two mesons are similarly related, and 


a centre of mass state vector for two mesons is |k, k'=— k> given by 
È 8x°E yee one Fok ot i el 
(10) kb = Ta) Dat-VYm*(aB) Yor" (aB) |imk; lm'k) . 
It’ mm' 


Here (x, 8) is the direction of k. Centre of mass state vectors of definite total 
angular momentum (L, M) and relative momentum k can be deduced from (10) 
by the definition 


(11) LMk =| dO.\k, —k> YP CP); 


where the integration is over the total solid angle for (x, 8). This gives 


(47) R 7 Per Der 1) 
12 Lees ee ag Mine 
= | gi eee | 


(11/00 | L9)(Ul'mm' LM) \lmk; U'm'k> . 


It is obvious from (6) that | LMK) has the transformation properties indicated 
by (L, M). Equation (12) shows the unique linear combination of two meson 
state functions which has these values of the total angular momentum and 


| which corresponds to vanishing total linear momentum. 


The centre of mass state vectors for a pion and a nucleon are formed simi- 
larly using (5) and (8). It is necessary to use Racah’s recoupling coefficients 
because (5) and the corresponding expression for the Fourier resolution involve 
the spin of the nucleon in different ways: (5) corresponds to the coupling 
which gives total angular momentum j while the Fourier resolution gives spin 
component 3. With Racah’s methods, we get for the pion-nucleon centre of 
mass state of total angular momentum (J, M), orbital angular momentum L, 
relative momentum & (and positive energy) 


(420)? R 
2p V 


Q3) |[JM+b = 


j4h 


> 


i î 
> x ie > i -A(VILJj)(l'jm'm 


j V=j-3 UW m=-ij m'=-1" 


JM)|ljm + k; l'm'k) , 
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where A(l'l'L/j) is an easily evaluated real coefficient and |l'jm+k; Um'k> is 
the state vector for a nucleon of type (/j:2-+) and a meson of type (l’m"k). 

A centre of mass state vector for a single particle describes a particle of 
zero momentum, so the spatial distribution of the particle is uniform. Centre 
of mass state vectors describing three or more particles are troublesome to 
calculate; fortunately for two body collision processes the intermediate states 
(for example the connecting or related states in a Tamm-Dancoff approxi- 
mation) can always be described by the simple state vectors relating to a fixed 
origin and referring to a particular angular momentum about that origin, 
e.g. |ljm+k; Um'k'; l'm"k> for one nucleon (of positive energy) and two pions. 
The overall conservation of linear momentum ensures that the system always 
has total momentum zero provided the intermediate states are reached from 
a two body centre of mass state such as (12) above. The same treatment can 
to some extent be used for inelastic collisions in which the final states contain 
more than two particles. 

The use of state vectors like (12) and (13) should make it possible to discuss 
high energy collision phenomena along field theory lines maintaining more 
contact with physical reality at each stage than has previously been possible. 
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In the following I intend to give a kind of a snapshot of the state of some 
problems related to the usual renormalization procedure in field theory. It 
just corresponds to the present moment (June 1955) and I hope that the 
picture will change quickly. In case it turns out, that these remarks are 
already obsolete when they appear in print, the Pisa-conference will have 
well fulfilled its purpose. 


1. Examples of artificial generation of an indefinite metric in Hilbert space 
(negative probabilities) by the renormalization procedure. 


Such an example has been given in an interesting model by T. D. LEE [1], 
the mathematical structure of which has, however, not been recognized by 


its author. 

As long as the unrenormalized coupling constant is real (gg >0), the phy- 
sical content of the theory is not changed, if besides the mass renormalization 
also the coupling constant is renormalized according to the equation 


2 1 
(1) N= Li = ——-4. 
gi 14 Ago 


As long as A is finite and positive one has then 


ib 
(2) eA a gry 
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However A in this model is given by 


_1 SP) 
(3) ‘Rai 


1) 


where V is the volume of the box, © = Vk*+? and f?(k) is a cut-off factor. 
In the limit of a local interaction corresponding to f?(k) = 1 one obtains 
from (2) 


(4) gg->0 for f?(k)>1 (A. > 00). 


The wish to obtain, nevertheless, a finite g? in this limit has seduced a certain 
group of experts into violating the inequality (2). Closing their eyes to the 
fact, that g? is then negative they consider it to be sufficient simply to elimi- 
nate gj. This leads from (1) to 


(5) N? =1— Ag?. 


In this way LEE himself considered the limiting case of finite g? and infinite A, 
which corresponds to N? +-— co. It was shown, however, by G. KALLEN 
and the author [2] that any violation of the inequality (2) leads to a contra- 
diction with the concept of physical probability (indefinite metric of the Hilbert 
space). This consequence is connected with the appearance of new discrete 
stationary states whose contribution to the conserved sum of « probabilities » 
is negative (« ghosts »). The S-matrix on the energy shell is not unitary for 
the transition between these «abnormal » states and the «normal » states. 

Such a result was clearly to be expected and I still wonder at the existence 
of physicists who doubted this consequence or a similar one. Indeed an inde- 
finite metric in the Hilbert space is only admissible if an absolute prohibition 
against transitions from states with positive probability to states of negative 
« probability » in the course of time would result from the theory. But very 
cogent mathematical reasons must be given for the complete absence of such 
transitions. 

T am well aware of the academic character of the Lee model, which expli- 
citly introduces the split of one kind of fields into a positive frequency part 
and a negative frequency part giving up thereby the relativistic invariance and 
also the symmetry of particles and antiparticles. Nevertheless it has the merit 
of an example which can be treated exactly and which leads to an essential 
change of the coupling constant by renormalizations (in contrast to trivial 
models like the non-relativistic scalar theory of neutral mesons interacting 
with heavy nucleons for which g?= gî.) 

The renormalization of the coupling constant (electric charge) in the phy- 
sical (relativistic) quantum electrodynamics has physical reasons which are 


| 
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very different from the coupling constant renormalization in the Lee model. 
Indeed in the former case it is connected with the generation of virtual pairs 
of charged particles which gives rise to the « polarization of the vacuum ». 
The formal expression for the renormalization of electric charge in quantum 
electrodynamics, however, has nevertheless some similarity with the corres- 
ponding formula (1) for the Lee model, since, according to a well known 
theorem, the physical probability concept leads in quantum electrodynamics 
to the inequality 


(6) ee 
€ 
Writing therefore 
ii ee 1 
(1) ba Ere? 7 
e 10 a È) 


where P is a cut-off momentum one knows that F is positive. The conjecture 
therefore suggests itself that there is a lower bound yw for F, namely 


(82) u(P)< F(e, P), 


valid for all positive values of e. In this case it follows from (7) that 
(9?) a 


One can further guess from the value of F for small e? that for sufficiently 
large values of P the function u(P) will have the order of magnitude (units 
fh =c—1; m=electron-rest mass) 


(10?) un log (P/m) . 


From the conjectures (8), (9), (10) it would follow that for P — co one 
has e > 0, or in other words, that for the empirical value e? ~ 1/137 a finite 
barrier for the cut-off momentum P exists which prevents the passage to a 
Lorentz invariant theory. 

Entirely independent of the Lee model, an interesting attempt has been 
made by LANDAU and collaborators [4] to prove the conjectures (8)-(10). 
Competent persons, who studied these papers, assure me however that some 
steps in their considerations use intuitive arguments and cannot be accepted 
as rigorous mathematical conclusions. Although the results of these authors 
may well turn out to be true, as is held likely by many physicists working in 
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this field, a rigorous mathematical proof of the conjectures in question seems 
still to be missing. 

Concluding this section I wish to indicate briefly the relation with the 
other examples discussed here of the papers of HEISENBERG and collabora- 
tors [4] on a single spinor field satisfying a non-linear wave equation and its 
quantization. The reader of these papers will meet first a strange kind of 
terminology, for instance of a Hilbert space I and a Hilbert space II, the latter 
containing «all states with a rest mass larger than a certain amount MW » in 
which the ordinary rules of quantum mechanics shall not hold. Further the 
reader will find a reference to a group of solutions ot the classical wave-equa- 
tions of this theory. Nothing, however, is left later of the functions describing 
these classical solutions other than their behaviour at the light cone. According 
to my opinion this strange terminology only shows that these authors them- 
selves have not as yet reached a real understanding of the mathematical 
structure of their own procedure. 

The essential part of it seems to be a subtraction of all the singular parts 
of the « propagator » (*) at the light cone which in the momentum space contain 
either a 6(p?) or a d'(p?) singularity. But such a complete subtraction of all 
singularities at the light cone must always alter the Hermitian character of 
the field (and thereby also of the Hamiltonian) as the Hermitian conjugate 
of the spinor field has then for algebraic reasons to be replaced by a more 
general «adjoint » field. This implies again the introduction of an indefinite 
metric in the Hilbert space (+). I therefore propose to replace the terminology 
« Hilbert space I/Hilbert space II » by the more familiar «normal states/ab- 
normal states ». The subtraction of the function d'(p?) seems to indicate the 
existence of pairs of states with a square of the rest mass e and 0 respectively, 
of which one has positive, the other negative « probabilities ». The result of 
a suitable limiting process e + 0 for such a pair of states one may call a « dipole 
ghost ». 

According to our previous statements an S-matrix which is unitary without 
exceptions is possible in such a theory only if transitions from normal to 
abnormal states are always theoretically excluded. HEISENBERG claims the 
existence of such a general selection rule in his theory, but I am awaiting at 
present (June 1955) a further clarification of this point in connection with 


a more detailed discussion of the indefinite metric of the Hilbert space under- 


lying this theory. 


(*) Vacuum-expectation value of the anticommutator of two spinors at two dif- 
ferent space-time points. 

(+) In the following paper by Heisenberg « covariant » and « contravariant » wave 
functions are introduced which seem to me to correspond to what one usually calls 
«adjoint » wave functions. For certain states it is indeed shown, that their relation 
is essentially different from the normal transition to the conjugate complex. 
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2. Examples of artificial generation of a continuum of self-energies from 


— co to + co for heavy charged particles (break-down of the vacuum of 
the other kind of particles) in pair theories by the renormalization procedure. 


The non-relativistic quantum electrodynamics of heavy charged particles 
reveals other features of the renormalization procedure. In this theory there 
is no generation of pairs and the number of particles is conserved. The kinetic 
energy of the latter is defined by 


a Al 2 
(11) ‘oe (p.— <4] i 
; 


for every particle n, to which the energy of the free radiation field and the 
Coulomb-energy has to be added (*). A finite size of the particle in the average 
of the vector potential over its charge distribution corresponds here to a cut- 
off factor in momentum space. The problem can be treated exactly in the 
approximation where one considers the positions of the center of the particles 
occurring as arguments of A, as fixed. In this approximation p, can be 
treated as commuting with A, and therefore in the special case of a single 
particle as a constant of the motion. Performing the shift of the zero point 
of the field oscillations which eliminates the term linear in the field in the 
Hamiltonian and defining a new mass m by the coefficient 1/2m of p? after 
this shift has been performed, one finds for m the sum of the mechanical 
mass m, and the electromagnetic mass given by 


e2 
(12) m= mM + B a’ 
with 

OASI) 
(13) B= 372 wi 


As a result of the shift the interaction energy of the particle is given 
simply by 
e? 


mi —_ 2 
(14) Hit mr 2m,c? A, ’ 


and the problem leads to a principal axis transformation of the eigenvibrations 
of the field. Its result describes the Thomson scattering of the photons inc- 
luding the damping. 


(*) Ordinary, not Heaviside units are used here and we assume that the longi- 
tudinal part of the electric field is already eliminated in the usual way. 
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The self energy of one charged particle is given by the difference of the zero 
point energies of the photon vacuum before and after the transformation. 
The same differences for several particles at given positions include their 
electrodynamic interaction energy [5]. As the theory is non-relativistic, 
one has to distinguish the mass entering as coeffcient in the kinetic energy (11) 
from the self energy, the former being given by a much simpler expression. 

Regarding renormalization it turns out that there is agreement with the 
definition of the renormalized coupling constant by the Thomson scattering 
for low photon energies if one does not assume any charge renormalization [5]. 
For the coupling constants 

e? e? 


(15) Pet eT PT ma” 


(16) SLA 


This is analogous to (1) and (5), if gj and g? are replaced here by yo and y 
respectively. 

In contrast to the example treated in Sect. 1 a negative value of the 
coupling constant y, and of m, with positive values for y and m does not alter 
the Hermitian character of the Hamiltonian here but it does alter its positive de- 
finite character. This again has physically inadmissible consequences. Indeed 
in this case y > 1/B there appears a negative square of the eigenfrequency 
in one of the «oscillators » of the radiation field after the transformation 
(« ghost of the second kind ») giving rise to a break down of the photon vacuum, 
namely to a continuum of states for one charged particle with all energy 
values between — co and -+oo. This negative square of an eigenfrequency 
also appears as a complex pole of the scattering S-matrix. In the limiting 
case of a point source 


f(k)=>1, Bow, y and m finite , Yo > 0 and m >— co, 


the negative square of the eigenfrequency is given by 


P 1 
ky = — gni 
where a = 3(¢2/me?) is the classical « radius of the electron », The corresponding 


pole of the S-matrix for k = + i/a is also present in the S-matrix defined by 
the amplitude of the classical field amplitude for Thomson-scattering (damping 
included) of point electrons. 


LA) 
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Summarizing we can say, that the condition 
(17) y<1/B, (Yo > 0) 


is also necessary here for the physical consistency of the theory, although 
for different reasons than the analogous condition (2) for g? in the Lee model. 

The well known pair theory of the charged scalar theory corresponding 
to the interaction energy 4ay)|y(n)|? where g(n) means the average of the 
scalar field v(x) over the non-relativistic heavy particle n for a given position 


of its center can also be treated exactly and closely analogous to the photon 


pair theory, if the recoil of the heavy particle is neglected. The finite rest 
mass of the scalar «mesons » complicates the discussion only slightly. Already 
WENTZEL [6] has shown that here too a negative value of y, gives rise to a 
break down of the meson vacuum (analogous to the one described above for 
the photons) if a sufficient number of heavy particles are sufficiently near to 
each other. 

The renormalization procedure in this theory has been recently considered 
by THIRRING [7]. If the slow energy scattering of the «mesons » is used to 
define the renormalized coupling constant y the connection between y and vo 
is again given by (16), if in the expression (14) for B the factor 2 is omitted. 
Moreover he showed that in the limiting case of point sources and finite 
y the meson vacuum breaks down already if only two heavy particles are 
present in a distance small compared with their Compton-wavelength h/yc. 
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INTERVENTI E DISCUSSIONI 


== di, Eamon: 


How do you explain the good agreement of the renormalized quantum theory with 
experimental results? 


== NE Leonie 


I do not see any difficulty to understand the good agreement of the renormalized 
quantum electrodynamies with experience, even if it would turn out that the passage 
to a Lorentzinvariant theory (local interaction) will not be possible. The cutting off 
momentum according to the conjectures of LANDAU and me would be so extremely 
high (order of magnitude me (exp. 137)), that the approximation for the usual energies 
could well stay very good. Actually deviations from quantum electrodynamics could 
occur for much lower energies already, particularly due to the occurance of charged 
spin 1 particles in intermediate states. 

The situation in meson theory, would however be very different if the conjectures 
in question would be true. Only quantized theories with extended sources (as for 
instance those discussed by CHEW and others) would then be self-consistent. 
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Recent Birmingham Work on the Solution 
of Quantum Field Theory. 


S. F. EDWARDS 


Department of Mathematical Physics, University of Birmingham 


This paper will consist of a discussion of some new ideas on the problems 
of field theory which we have been considering lately in Birmingham. As 
you have heard in Professor SCHWINGER’S talk all experimental data pre- 
dicted by the theory is contained in the Green functions of the theory, which 
can be expressed using the technique of functional integrations. This will 
be assumed and this paper will start at the point where Professor SCHWINGER 
ended, by quoting the formulae for the simplest Green functions, those of one 
nucleon, and of one meson [1]. 


(1) S'(a, a) = <p(z)p(2')>+ » 
(2) 3 x {ee g's @) exp [il(p)|o@ , 
(3) A' (a, x’) = <Y(£)H(2")>+ » 
(4) =~ | perp") exp [LP )199 » 
where 
(5) N = [exp [il(¢)] 69 , 
(6) tty 5 

1 
(7) Te 5 | i + 2%?) d'a, 
(8) = 3 [rd d'x, 
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él 
(9) say = TT 259), 
eee 
È 
(10) E =| Tr OG(x, x; Ap) dd, 


0 


and, for say neutral pseudo scalar meson theory 


Vu 0 : I / 
ul “= | | tigy.p| G(a, x) = d(a— a’). 
(11) (24 + m + ig) Gla, 2!) = de #2) 

Before considering these expressions in detail it is perhaps whorth while 
to illustrate the meaning of the functional integral. For a finite number of 
variables o,,..., xy there is a well known formula 


~ ae 1 i 
fed XX; EXP | 5 > o%(A- are, | Ilda, = (20)*/2A,, (det A)? , 
16s 


1 
cs > Xx (A)x1%, Hda,=À 


a 


Smt i Si 
(12) [fom espa DY o(A eres 118%] [ [exw 


— 0 — co —_ QD — QD 


where A-! is the inverse of the matrix A. The functional integration is just 
the extension of this when the sequence 1, 2, ..., N goes over into the Con- 


tinuum: 
if o i ’ 
3 feel on | [exp feto dp = iA(a, y). 


This is just equation (4) for, when the polarization of the vacuum J, is omitted, 
A’ is just the non-interaction meson Green function, A. Consider now for- 


mula (2), again dropping the J, term. G(g) can be expanded in the pertur- 
bation series 


(13) P(x)p(y) exp 


a 


(14) Gp) = S + igSpy;S + (ig)*SpySpys8 + (ig)*SpysSpy,Spys8 + 
+ (t9)'Spy Spy; SpysSpys8 +... 


which written graphically is 


G = “it 3 piety) art oes ae 
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Now the operation multiplying G by exp [iJ,] and integrating. over dg, using 
formula (14) and its extensions, is to join up the loose meson line ends in all 
possible ways: 


FTA yee RI, pi 


(17) S'= S— g?8[y;ASy;|S +... , 
Reich is the usual perturbation expansion. The inclusion of J, can be shown 
to add in the pair production graphs into the expansion (*). 

I Having illustrated the meaning of the integrals we shall now try to evaluate 
| the integral without the perturbation method. This is difficult for two reasons 
‘broadly speaking; firstly we require to know the Green function of a nucleon 
in an arbitrary field and secondly we have to perform a functional integral 
when the action J is not a quadratic as it was in the illustration (13). We 
shall assume that G(g) exists in general, i.e. we need only consider reasonable 
fields g, since for those fields for which G does not exist the action I will also 
be infinite and these fields will not contribute. The two major difficulties can 


be further resolved, thus: 


A) 1) G satisfies a four dimensional equation. 


2) G is a matrix of functions, in other words the components of G 
satisfy high order differential equations. This is made worse in charged meson 
theory but not in any fundamental way, so to ease the algebra we shall stick 
to neutral theory. 


3) The pseudo-scalar theory introduces a structure of special difficulty 
‘when compared with say scalar theory. The latter has a no-recoil limit, and 
its complete solution could be based upon the solution of this limit which is 
comparatively simple, whereas the pseudoscalar theory has no simple model 


i which can be solved exactly. 


B) 1) It would be most advantageous to have I quadratic. 


2) Finally the functional integral has to be performed. 
Bach of these points is a problem in itself, but to a large extent they can 
be isolated by models showing just the one difficulty, and the method which 


(*) This is shown most clearly in the paper of MATTHEWS and SALAM in [1]. 
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has been employed is to solve such models first and it is hoped that using the 
experience gained the complete problem can be tackled. 

Two general methods have been proposed for the evaluation of the integral 
in the light of the « A » difficulties: the first proceeds by the choice of a trial 
functional G(g) and the use of a variational principle (this has been developed 
and will be discussed in a paper by Dr. SKYRME to be presented at this con- 
ference), and the second is an extension of the method of stationary phase 
which will be used here. Both methods hinge on the fact that the only fune- 
tional integral which can be performed exactly is the quadratic form: 


(13) 5 [exp if Ao) ay + 3] PENE AA + 2 [opera] dp = 
= Exp È (ATA) det (1 + AB)?, 
(19) — exp|- AZA + AB + xi 


where (4’/+ B)A = 6. To perform more complex integrals a general extension 
by transformations, in particular for functional polynomials can be given, 
but the final asnwer does not have a closed form [2]. Our object will be to 
manipulate our problem as near as possible to the form (18). It is easiest to 
use PF: 


(20) (02+ m?+ g°p*+ igyvsyup,) Ff = 0, 


from which G can easily be obtained by operating with ((y,,/i)(0/0x,,) +m +igy,q) 
to the left. To consider just points Al and A3 replace y;y,@, by @,, the Fourier 
transform of Vp*g(p) (any other linear one component form would do for 
a model, but this is the «effective strong coupling » form of VP, and the 
scalar nearest to it in properties). Now if g were constant, a suitable integral 
representation for F would be 


Le —_ 
(21) F(x, 0') = è fee + 1)-! exp [ifoVm? + g*p] di, 


ce 


where 0=|x—a'|, and the integration is over a suitable contour € for the 
Feynman function. This already brings out difficulty 43, for in scalar theory 
it would have been 


Sr 
(22) ne ale + 1)-t exp [itp(m + go) de, 


Cc 
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and a trial form could have been attempted directly from this. In (21) how- 
ever, let us assume we know the function, uw, which makes F exp [7J] statio- 
nary and expand about it: 


ifac, e506) + | Bae’ sy; Coy) dty =p 


== [ Ce, a’; y, 2; C)p(y) —y(y)] dtyly(2) — y(2)] die + a ace 


| If I is assumed quadratic for the moment, then clearly 


(24) VG A a Ads 


Now putting g/— g + y equations for A, B, C,..., can be obtained by back 


di 
| substitution into (20) and the final solution is 


i(A + BAB + OA +. 


bol] 


(25) == 4 (6" 4-2) exp 


Some further details of these equations are given in an appendix; they are 
very non linear, but it is quite easy to get some feeling for what is going on. 
Now for point A 2): one can think of the g, as four independent functions 
with a subsidiary condition (when charge is present there are more of these ¢’s), 
and then perform a transformation to a new Seb Wi, We, Ws, Wa: 


(26) Yin == My(0)0 5 
where M,,(@) is a matrix whose elements are functions of w’s. The (ordinary) 


determinant of M is unity so that the Jacobian of the transformation is cal- 
culable. It turns out that one can find M so that the Dirac equations are 


approximately decoupled, e.g. F,, satisfies 
eet) (me gp? + 1g(@, + ws exp [P(03)] + ©) Fy = 6+ n(@) 5 


| when n(m) is a function which is small for the w’s of stationary phase. This 


suggests solving # in the form 


(28) = [te + 1)-1d2 exp [i{A + B.@, + Cis(@i— yi (@;— Vi) + 31 
o 


where A; B;, Ci... are determined as before from each substitution. For 
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a model to show the power of this method, one can consider charged meson 
theory without recoil. A transformation like (26) brings (2) into closed form: 


ty 


(29) Gi;(t,, ts) = O(ty, te) exp î ftp ni io) dt , 
fy 
1 Lf =i i (0) | 
(30) I=/|;[40, + 5 {od We + ol O + 


ui ol (MODO — HOW) de p{ oor + w29)|, 


where ©°(t) is ©, at x = 0. The stationary phase values of ©, and @, can 
easily be obtained approximately when it is realized that in both the cases 
of large and small g w, = g{ A, and also ©, is small compared with ©, when 
g is large. 

This brings us finally to the difficulty B1) which we shall make more explicit 
by keeping only the most difficult form in J,, i.e. Ag*. (Higher terms appear 
to be small in weak and in strong coupling). It is simplest to consider A’: 


bps api] 


Unfortunately there does not appear to be any realistic simplification of this 
problem which retains its non-linearity. We have considered the following 
approach. Consider the simple integral 


tar - 
(31) A’ = — [row exp |¢ 


N) 


(32) us 1-1 [exp [— a°— Ma']da. 


x 
— D 


This is of course a Bessel function, but we ask if there is any approximate 
method of evaluation which will still work reasonably well when 7 co. 
A suggestion is given by the form 


ce) [ce] 


(09), y= 2 fexp [— a? /u?] de = 7- sfexp [— a°/u? + (a?/u?— a° — Jw)| da. 


—© teo] 


(*) It must be noted that the transformation used here is complex so that although 
this has no effect in determining the stationary phase functions, the limits of integration 
are now complex and one should return to the ys before proceeding with the cal- 
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Hence the factor exp [#?u-? — 22° — Ax*] averaged over the integral is unity, 
which suggests expanding it out and to the first approximation putting the 
moment equal to zero, i.e. vu is approximately given by 


(ce) 


(34) few [— w2u-2(a?2u-? — a° — Axt)| da = 0. 


—o 


This clearly works when 2~ 0, but also if 2 > co, u + X-ì exactly, whereas 
the approximation still gives vu > C)-*, where C~1. This suggests writing 


(35) pAp + Apt = pA + [p49 — pd''p + Ag] 


and deriving equations like (34). This method is being investigated in detail 
by E. H. Lies, the first equation of interest being 


(36) (C2 + 8) 4/+ 224° (024 x? + 6x?) 6. 


An equation like this can of course be derived in many ways, but the method 
used here gives some criterion of its applicability. A similar approach can 
be taken towards S’, and these ideas combined with those given earlier in 
this talk. 

In conclusion let me emphasize that the complexity of the analysis into 
which one is lead by this approach is quite in keeping with the generality of 
the discussion, and there seems no expectation of radical simplifications without 
a physical understanding of why such simplifications should take place. Thus 
at present an approach as general as that made here appears justified. 


APPENDIX 


Here we shall give an outline of the application of the ideas above to the 
problem of two interacting Bose fields representing the meson and «nucleon », 
the polarization of the vacuum being ignored. The interaction is taken to be 
ge + gyn (vy, being the fourier transform of V p*p(p)) which, as noted 
earlier, is the nearest analogue of the true meson nucleon interaction. The 
following steps could also be applied to any interaction of the type yf(p). The 


culation. However, a real transformation, which though, superficially more complicated, 


is essentially the same as that given here, has been given (ref. [2]) and can be used to 
any order of the calculation. 
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problem of finding the «nucleon » Green function Fk’ is then the evaluation 
of the functional integral 


Suis 3 al 
(37) Rao) == | F(a, '; p) exp |; ray] dp, 
where 
(38) (02? + m? + gp? + iggn)Pla, a) = dla — a). 


Taking F in the form of an expansion about the function of stationary phase 
yy = B4 


1 i 3 . Y 2 | Me 
(39) Vike o [e + 1)? exp [i{A + Bg + Cio + BA)? + ...}]dî. 
pi 
Writing g'= g + BA, one then has 


[40) [(C? + m? + g°(p'— BA)? + ig(p'— BA),]: 


ibi 7 
— fe + 1)-# dî exp [i{4 + By + (fp + BA)}] = 6. 
Taking the final solution R’ to be of the form 
if us 2 9 D lin ke = 
(41) R'= 2 + 1° exp [iE(@, a’; de, 


where 
H = A—iBAB+ C4, 
and also 
DoS A= BABS 


one can, by equating powers of g', derive from (40) the following equations 


| fe + 1)? exp [tH (a, a’; 0] A. 


È dro , 
|i(p: 9 v, A Ai ig(BA), + gBAy| = 0, 


| (€? + 1-3 exp [iE (a, 0°; Cy) ac: 


: 40,0 a 
{i (ott) B + 29*BA + igò, — 24,0,5| — 0, 


fe + 1)-* exp [tE(a, x’; Cyl de 


| [ES 
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If from now on the integral on È is implied, algebraic manipulation reduces 
these equations to: 


ELIA Fe Ò age 1 
(43) (D° 2 H+ E, i Ero ag B2)A + 5 (BAB). = 
ae ee 
(BAB) CA), (CA) —— g(BA), + 1m, = ©; 
(44) (=; ‘tun | on 2.) B + igd, + 2ig*B %i(C 
0 I ze) | igò, + 2ig?BA + 24(C AP 
(BAB) Bp Ow 
(45) ge See Lon \ o 4 gt + Bt = 0 
0 Liew 0%, lie: een leet 7 ne 


Here a suffix has been added to bare mass, 7, to distinguish it from the 
experimental mass to be introduced shortly. Some rough idea of these equations 
can be obtained from their one dimensional behaviour in the limits of g. When 


g~ co, B,~ 19, C~0, BA~ 2m, BAB ~ 2mp, 


g~ 9%, B- [ig/(P + m)}, C~ yg, 


these equations are very non-linear and in order to get solutions some trial 
form for E must be used. The general form for # must be 


(46) E(w, 2; ©) = log Z + met + €(0, È), 


where Z is a renormalization constant, m the experimental mass, and € a 
term giving the behaviour of the Green function away from its pole (in mo- 
mentum space) at the experimental mass. It was with this particular form 
in mind that the ¢ representation was introduced, and now € is a function 
of m alone, though one cannot rule out the possibility of a charge renormaliz- 
ation being required in €, € is otherwise finite. The trial form for € requires 
knowledge of the general form of Green functions and work on this point is 
in progress (°). The one nucleon Green function has as its principal calculable 
content the relation between the experimental and bare masses. (The fact 
that the relation is singular does not alter the fact that this is the simplest 
thing calculable in field theory). Information on this point can be obtained 
without € however since € +0 a8 0 > 00. So if we consider x'—> co, we Can 


introduce m, by 


LI > 


(47) im f(t» — SÈ + ora.) 8) = — i +m) 


(48) je. lim B = 8, + mB, , 
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and to the accuracy required 


Am A 
(49) lim (a = -- 25,0, ci = lim (— g?— Bd), 


(50) = 0, + mC,(m,) . 


B,, C, are not functions of m,. Substitution of these forms into (44) gives 
an equation for m, in terms of m. In this same limit the equation for # then 
gives an equation for m: 


(51) —m? + k(m,m,) + m2 =0, 
(52) mM, = ™M,(mM) , 
(53) Le. m = M(Mo). 


Using this, or rather using for m the experimental mass, the equation for € 
becomes 


(54) (n: 4a, Cy 1 2m AE PLELER_-Ro=0, 
0 co 


where £ stands for the remaining terms in (43), and R, their limit as x#’— oo. 
Using (51) this equation will no longer contain infinite terms, and (43) will 
in fact have separated into two equations 


m 


=> 


= mimi(m), mol; 
€ == t(My 00) 
This calculation has been arranged so that the infinite Z factor does not enter. 


Finally it may be of interest to note the specific form which the key function B 
takes. If 


Bs=-—ig(ò, + m,)D, 
then 
D = D(a, x;y; È), 


|a elet y||0! 


Y 


~ exp [— mé|x— a'|+ mé|e'—y|4 me |a—y'|], 


a form quite analogous to that obtained in a one dimensional solution, this 
simplification being a result of the employment of the ¢ parameter. 
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INTERVENTI E DISCUSSIONI 


— .H. LEHMANN: 


You have described a method in the latter part of your talk to be used when J is 
not a quadratic and the stationary phase method is not directly applicable, but won't 
a similar situation arise with the charged theory without recoil, for there you have 

ransformed the problem into the integration of a quartie. 


BEARS EDWARDS 


The idea in charged theory is that, having used the explicit form to determine 
the functions of stationary phase, one transforms back to the old variables in which I 
is quadratic and expands G about the functions of stationary phase, the remaining 
integrals being easy to perform providing cubics and higher can be treated as per- 
turbations, which they can. But when J, is present, even knowing the stationary 
phase functions does not help one much in evaluating the integral. 


Sd, oe MEGGITT: 


In the case of I, being say 19°, is the convergence of the integral affected? 


IAS. B. EDWARDS: 
o difficulty. It is clear, however, that it is most 


Providing % is real I think there is 
4. This is not borne out by the approximate 


unlikely that the form is analytic in 
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method used, but I have not been able to handle this difficulty even for the one di- 
mensional models. 


— A Questioner: 


How is this point of view related to Feynman’s integral over paths? 


— S$. F. EDWARDS: 


The functional integral can be viewed in two ways either one in which g at every 
point x is considered to vary from — co to oo, or one in which one thinks of integrating 
over all possible functions. They are of course quite equivalent. I feel that explicit 
functional integration except for quadratics is quite. impossible, and the only method 
of approach is that of successive transformations which remove the necessity of explicit 
integrations. 


— T. H. R. SKYRME: 


Does the A in formula for approximate evaluation of integral with S, correspond 
to a different mass, or is it merely a renormalization? 


— S. F. EDWARDS: 


A is very complicated and has no immediate physical interpretation. 
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Some Properties of a Functional Occurring 
in the Quantum Theory of Fields (*). 


B. ZUMINO 


Institute of Mathematical Sciences, New York University - New York 


We restrict ourselves, for the sake of brevity, to the case where a real 
scalar field A(x) interacts with itself through some non-linear interaction term. 
Let us denote with W{A} the interaction part of the action integral, including 
the appropriate renormalization counter-terms. We define the fundamental 
functional 


| 16 
(1) PLA, J) = exp È 5A Ar 3A 


exp [iJA + iW{A}], 


where J is an external source distribution. Here and in the following we use 
a simple convention of matrix multiplication for kernels and functions of the 
four-dimensional variable 2. 

The S-ordered operator corresponding to F is the collision operator in the 
presence of the external source 


Indeed the exponential operator which appears in (1) effectuates the transition 
from the time ordered form to the S-ordered form of the collision operator ELI: 
In addition a knowledge of F should allow the evaluation of all other quan- 
tities of physical interest, e.g. the bound states. 

The simple formula 


(3) T exp [iJA] = 878, 


(*) This work was sponsored by the Office of Naval Research, U.S. Navy. 
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relates our functional to time ordered products of the fields 7(x) in the Heisen- 
berg picture, and to the various kernels defined in the literature. 

Several interesting properties of Y can be derived directly from the defi- 
nition (1), by the use of identities which involve non commuting exponentials. 
For instance, from the identity 


pa 16 lo) ; Roe) ete As o) Pez A 
(4) exp 3 SA Ay si exp [— iJ A] exp E SA Ap 54| EP ad Al = 
: ò 1 
= exp ity AAS mani, JTA7INS 
one can easily deduce that 
(5) F{A,J} = exp [— 3JA4A,J +iJA])F{A+i4,J,0} = 


= exp [— }44;1A] F{0, —idz1A + J}. 


(An equivalent relation was found in a different way by LEHMANN et al. [2]). 
The «reduction formula » (5) shows that the complete functional F can be 
expressed in terms of the value of F itself for zero external source as well as 
in terms of the vacuum expectation value of the collision operator. Using (3) 
and (5) one can give an expression for the collision operator in terms of Hei- 
senberg operators. 

Again from the definition (1) it is easily shown that F satisfies the functional 
differential identity 


ao I ale LE 
(6) È 5J (a) + A(x) + Zi sia) FP wale J} ==). 


One can then deduce an equation involving only differentiations with respect 
to the external source. Setting dW{A}/dA(x) = W,{4A, x}, it reads 


= lo) È eeu 2 
(7) (- Ass 53 (3) J(x)— W if 1G ; 3) PASO 


This equation was obtained, among others, by GEL'FAND and MInLOs [3]. 
It is satisfied, in particular, by the vacuum expectation value of the collision 
operator. 

One can try to solve (7) expressing F as an integral in function space. We 
have been particularly interested in the evaluation of such an integral in the 
limit when the coupling constant tends to zero. Evaluation by means of a 
generalized saddle point method reduces the problem to the solution of the 
corresponding classical scattering problem. It is unfortunate that the question 
of the existence and the uniqueness of the solution of a non linear classical 
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problem like the one occurring here presents as yet serious mathematical diffi- 
culties. In particular one would like to have statements concerning the behaviour 
of the classical solution when the non linearity tends to zero. 
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INTERVENTI E DISCUSSIONI 


— W. HEISENBERG: 

For some special cases, for instance for the non linear theory of Born and Infeld, 
one knows particular solutions of the classical problem. In the theory of Born and 
Infeld a single plane wave is still a solution. 


= iy. P. WIGNER: 
The theory of Born and Infeld refers to a particle of mass zero. 


= S. F! EDWARDS: 
Even if the mass is different from zero one can give particular solutions provided 
one is willing to accept complex solutions. 


¢ 
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On the Functional Approach to the Quantum Field Equations. 


J. Ge VAAN 


Department of Mathematical Physics - University of Birmingham 


We probably do not know at present the correct field equations of ele- 
mentary particle physics. It was made clear in the report of Dr. EDWARDS 
how difficult a task it is to try to find solutions for the known equations, and 
we do not really know at present how to solve the equations that we know. 
One of the main advances in the recent developments of quantum field theory 
was, however, the introduction of a number of new concepts and tools, and 
one can hope that these will play their part also after future changes in the 
theory. 

Most of the new concepts are covariant and independent of any special 
space-like surface. Their intrcduction and justification followed, however—as 
explained in the report of Prof. SCHWINGER—mainly the lines of the con- 
ventional theory, in which the definition of the state-vector and of the ope- 
rator quantities is related to a given time or a space-like surface. I would 
like to point out the possibility of a formulation of quantum field theory in 
which the primary quantities refer to an over-all space-time view. 

The advantages of an over-all space-time view need not be specially stressed. 
I would like to mention only a formal point, namely that a consistent for- 
mulation of a finite quantum field theory has in any case to avoid somehow 
the use of the three-dimensional commutation relations on which the con- 
ventional formulation is founded. In some of our quantized field equations 
we know how to define finite parts and finite field quantities. But the infi- 
nities reappear in the commutation relations of the (renormalized) field quan- 
tities with coinciding time arguments, and these infinities are of the type ana- 
lysed by BoHR and ROSENFELD and can be attributed to physical reasons. 

Starting from a c-number theory of a spinor field y(x), its adjoint p(w) and 
a real scalar field A4(x), the action integral 


Leal lp py Al 
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i 
i) 
I 


is completed in the presence of external sources &(x), (a), J(w) by a term 


Ey + yn + AJ, 


where the abbreviated notation is 
Ey = [dwF(a) pla). 


Writing for the variational derivatives 
ol 
Fe) ARTI) 
Oy (x) 


the field equations of the c-number theory are 


IpalW w A] Si (x) ="0 9 
Isl. Ps Wp, A] -— E(x) => 0 
Ll w; A] a J (#) = 0) : 


(1) 


Sn 


These Lagrangian equations are independent of any special space-like surface 
and, if I is a scalar, they do not disting. ish any special reference system. 

The functional field equations which express the quantization of matter 
and charge can be obtained from the c-number equations by means of a simple 
formal quantization. In order to obtain results in accordance with the exclu- 
sion principle the spinor sources have to be considered as anticommuting 
quantities, and one can include in the concept of the e-number equations the 
anticommutation of the spinor fields (x) and (7) which are to be considered 
as independent. After quantization, the «state » of the quantized system is 
described by a functional 


(= XE, n; J] 


and the possible states related to the given action integral satisfy the equa- 
tions obtained by applying equations (1) to y, after replacing y, py, A by the 
functional differential operators 


ive ST 


: Sa 5 AE 
i oN(r) 


(2) = i dE (x) >] 


de) = 


These operators are different from the field operators of the conventional 
formulation. They are canonically conjugated to the source operators, and 
have with them commutation relations containing the four-dimensional ò-fune- 
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tion. The equations obtained are 


| f aS Tao Rey, FASE 
| fio di 0 (x) , i On(@) , v Tal hy H(z) J x18; UÈ J| AI, ’ 
È NO he fe ny ne è eae | = DI 
) | ivo i 0& (2) 7! 4 On(a) ’ ‘ dJ(x) SI x15, n; J] OF 
| È Ò ] Ò Ò ROOT Ki 7 | wes ae 
| [Lelio ino: ‘nt TOME a = 0 


The four-dimensional concepts appear here in their own right, without 
reference to the concepts of the conventional three-dimensional formulation. 
The equations define a theory which contains all the information available 
through the conventional approach. The «state-vector », which is a different 
concept from the usual one, is not related to a special space-like surface. The 
equations themselves are closely related to Schwinger’s equations [1], 
and were deduced in a very similar form by SyMANZIK [2] for the generating 
functionals 


(3) Tali, n J] = <a| T exp [—iEp+Pn+AJ)] |, 


of the conventional formulation, in which y, yw, A are the Heisenberg ope- 
rators of the usual approach, and the states a and d are defined in the con- 
ventional three-dimensional sense, at given times, with #, > + co, t, >— oo. 
A special connection between quantities (3) and the states b can be established 
by choosing for a the real vacuum state. 

Considering the functionals XE, y, J| as the primary quantities of the 
quantized theory, the physical quantities are related to functional operators 
acting on y. The space of the state-vectors y includes the states of all pos- 
sible dynamical systems with the same kind of degrees of freedom. The 
functional field equations (2) select a subspace related to the action integral 
of the problem. Through the fact that the states of the actual system are 
embedded into a wider space together with the states corresponding to dif- 
ferent action integrals, the over-all space-time formulation might even provide 
a framework for a theory of elementary particles in which the form of the 
action integral is not postulated a priori, but is derived from certain imposed 
conditions, The subspace selected by the equations (2) contains still a larger 
multiplicity of elements than that corresponding to the states b of the con- 
ventional formulation, and further restrictions are to be imposed to select | 
the states of physical significance. 

The functional representation y, in which the commutation relations of 
the operators contain four-dimensional 6-functions, and the dynamics of the 
problem is expressed only through the restricting equations (2), is somewhat 
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analogous to the Schrédinger representation of the conventional formulation. 
A representation analogous to the interaction representation can be obtained 
on separating a bare vacuum factor 


Uy). = UE, UD J] 


from yz. and defining the functionals 


Po = U,*x- 


U, can be given explicitly and is that solution of (2) for g = 0 (that is for no 
coupling between the fields), which for vanishing sources reduces to unity: 


U,[0, 0, 0] = 1. 


The separation of such a factor from (3) was considered by SYMANZIK, and a 
similar factor was used by SKyRME. The resulting generating function is re- 
lated to the Feynman amplitudes introduced by FREESE [3] and by MArTHEWws 
and SALAM [4]. 

Separating a real vacuum factor 


U=U[E,y, J] 
from y, where U is the solution of (2) with 
UAG; 0, 0} == 45, 
the resulting representation of functionals 
ey 


is analogous to the Heisenberg representation. The related amplitudes were 
considered by KRISTENSEN [5] and lead to the quantities defined by SCHWINGER. 

E, n, J and the conjugated fields can be expanded in terms of a complete 
ortho-normal system of functions of the space-time coordinates and related 
creation and annihilation operators. Coester’s operators [6] correspond to 
the introduction of creation and annihilation operators in the interaction 
representation. Formal solutions of the equations can be given in a simple 
form in the functional representation [7]. Expressions given for the S-matrix 
by NamBU [8] and by ANDERSON [9] can be obtained by an interchange of 
the role of creation and annihilation operators, which amounts to a functional 


Fourier transformation. 
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In order to understand the interpretation of the quantities in the functional 
space-time scheme, one can start with simple models. One simple model is 
provided by the analogous functional description of non-relativistic particle 
wave mechanics, where functionals of the source f(t), which depends on the 
single time variable #, replace the functionals of space-time functions. The 
interpretation of creation and annihilation operators, is, however, not very 
clear in this model. 

This becomes simpler in a quantized field theory where these operators 
are related to the creation and annihilation of particles. The interpretation 
is very simple in the case of non-interacting fields, where the solutions of the 
field equations can be given explicitly. In the g-representation, the solutions 
represent free particle waves. Due to the greater multiplicity of the solutions, 
waves describing both positive and negative energy particles are present, and 
the selection of states:of physical interest can be made by a restriction to posi- 
tive energy one-particle states. 

A relatively simple field theoretical model is given by a non-relativistic 
Schròdinger electron field with a static potential interaction. In this problem 
there is no pair creation, and the parabolic one-particle equation has only 
one independent Green function solution. The field equations of the e-number 
theory are of the type 


ne ye Se rea ee ; Re att ay ee 
( ii LARA +fa e Vla — x’) d(t—t')p*(x')p(x') p(w) — n(x) = 0. 


The functional equations are obtained by repacing y, y* by functional deri- 
vatives. Quantities related to this model have been worked out in some detail 
in order to investigate questions of interpretation. 

Approaching from the side of the conventional formulation, one can in- 
vestigate quantities of the type (3), with a — 0 the vacuum state and 6 cor- 
responding to a definite number of particles. The simplest case of interest 
is that of a two-particles state b,. One can conclude in this case that the 
corresponding quantity is related to a many-time wave function in the pre- 
sence of external sources, and on putting n +0 one obtains a second order 
expression in &*, the source conjugate to y, with a coefficient which corres- 
ponds to a many-time wave function solution of the two-particle Bethe-Salpeter 
equation without sources. All physical information concerning the state bd, 
is contained in this Bethe-Salpeter wave function factor, without requiring 
the knowledge of the other Feynman amplitudes given by YX. 

The interpretation of this many-time wave function factor can be con- 
veniently explained in this simple case with the help of Feynman integrals. 
According to Feynman, the transition amplitude of two non-relativistic par- 
ticles with coordinates x,, x, between times ¢’ and #' is given by a functional 
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integral 


st ae 


" 


A I dr [der exp [— il], 


(4a) X15 x, t |x, x 


in which J is the classical action integral taken between times # and #. In 
terms of the field theoretical formulation, the same expression can be given 
as the vacuum expectation value of a time ordered product of quantized 
Schròdinger field operators, 


I Us 


(4) 0| Tx, t') play, 1) p*(x,, 1) p¥(ay, 1) |0. 


A simple generalization of the functional integral in (4a) is obtained in 
choosing the end points of the two world lines at different times and forming 
sie et 


Seog: 2 3 
» . 


(5a) | dai Î 6a, exp [iI], 


in which the interaction term of the action integral I is of the form 


fe ate 


1 


[as] dA 


"MET 

the interaction being taken in this way only in the overlapping part of the 
two time intervals. One can show that this expression is equal to the field > 
vacuum expectation value 


I / " Yi 


(55) 0] Depla,, H) pls, t)* (1, G)p* (x, 1) 0). 


Accordingly, the Bethe-Salpeter wave function 


Py(0,, 03) = <O | P(t) p(s) | be» 


| 


corresponds to an interaction free propagation of particle 1 for t, >t, with 
a free particle wave equation in i(0/èt,), whereas i(0/0t,) is given for t, > ty 


i by a wave equation in which the coordinates of particle 1 ave first transformed 


back to #, before applying the instantaneous interaction. For ft, >t, par- 


ticle 2 propagates freely. Very similar considerations hold for many particle 


wave functions. 
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This simple example shows that at least for some of the quantities the 
interpretation is not very straightforward. Though a completely four-dimen- 
sional formulation of quantum field theory is possible, it is still to be seen 
whether such a formulation really offers sufficient additional advantages to 
compensate for the more intricate way in which some of the quantities cccur. 
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INTERVENTI E DISCUSSIONI 


H. LEHMANN: 


What is the advantage of avoiding the infinities of the three-dimensional com- 
mutation relations, if the field equations themselves contain infinities? 


= AP es Nea 


I was not explicit on this, but it was tacitly understood that the functional field 
equations are completed by the necessary counter terms and a suitable limiting process. 
In the cases in which we can do this, the equations refer to the finite parts and do not 
contain infinities. 
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On Gauge Invariance in Quantum Electrodynamics. 


H. SALECKER (*) 


Institut fiir theoretische und angewandte Physik der Technischen Hochschule - Stuttgart. 


As is well known, quantum electrodynamics has made great progress during 
the last years. This was achieved with the so-called renormalization of mass 
and charge. But in spite of this great success there is one point, which has 
not yet been settled completely. As it has often been proved the formulation 
of the theory is gauge invariant. That means that the Lagrangian and all 
observable quantities are invariant under the transformation 


Pa), v(x) > pla) exp[- (ie/he) F(a)] , 


u 


(1) A,,(2) > Au) — ~ 
(04.6 
where (x) is a scalar function Of 2-4; 2, t. But practical calculations have 
often given non-gauge iavariant results. For example the photon self energy 
does not vanish without further prescriptions. According to the different ways 
of evaluation the calculation gives a quadratically or logarithmically divergent 
or a finite expression. Moreover the corresponding terms of the vacuum pola- 
rization tensor do not transform in the right way under Lorentz transfor- 
mation. The reason why a Lorentz and gauge invariant theory can give non 
covariant and non-gauge invariant results lies in the mathematical indeter- 
mination of these terms. There occur products of functions with a 6-type 
singularity and with a pole. 

Since the concept of renormalization has proved s0 powerful in removing 
the divergencies of mass and charge, we will first examine whether a further 
renormalization can remove the difficulties of the photon self-energy as well. 
First we recognize at once that we cannot renormalize the mass of the photon 
in the same way as we can do with the mass of the electron. The mass of the 
bare photon m?, is, in the usual formulation, zero and of course the observable 


(*) At present: Princeton University, Princeton, New Jersey. 
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mass of the photon is also zero. So according to definition 


(2) m., + ms = ms 

mì the self-energy of the photon (divided by c?) must also be zero. We also 
recognize that whereas the unrenormalized field quantities (the bare photon) 
satisfy Maxwell’s equations (because m?, = 0), the renormalized field strength 
(the real photon) do not satisfy these equations and also not the gauge inva- 
riance but 


obs 

: Mon C 

3 CoA with 6 = - 
(3) dx, h 


But perhaps we can renormalize another constant. Quantum electro- 
dynamics contains four constants, e, m, h, c, for example in the combination e, 
e/ic, mejli, he. (The light velocity ¢ in a, = ict or 4 = ct acts only as a 
scale factor), This means that a further renormalization appears possible, 
for example a renormalization of the light velocity c. The vacuum of the 
positron theory is in many respects similar to a polarizable medium. In this 
manner the bare electron induces a polarization charge and renormalization 
of the charge becomes necessary. Therefore an alteration of the light velocity 
by the switching on of the interaction does not seem impossible. Then it 
would be 


(4) Ca = Co + € 


‘obs 


On (6) : 


int obs ay, 


with » refraction index of the vacuum and the energy of a photon of the 
wave number k would be 


(5) Ey, = (+ gi. 


But the detailed calculations [1] show that ¢,, depends on the modulus of 
the wave number k, 


Ca eh eye, 


As ¢ does not depend on k, c,,, then depends on the wave number % or, in 
other words, there is a dispersion in the real vacuum. Because this is in violent 
contradiction to experience there is only the possibility that e, depends also 
on k in such a way that ¢,, is an independent constant. This is possible be- 
cause ¢ is not an observable quantity. But in this case e would not be a 
constant and therefore already the theory without interaction would be very 
complicated and involves a number of serious difficulties. Moreover the co- 
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variance difficulties mentioned above remain untouched, so that the renor- 
malization of light velocity cannot give a real solution of the problem. 

Another possibility one could try is to regard the self-energy of the photon 
as causing a shift of the frequency of the bare photon. That means, we write 
for the energy of the real photon with the wave number k 


(6) E, = i(k, +Ak) = chk, 


where k, is the wave number of the bare photon. Since the calculations have 
given the following expression for the photon self-energy in the second order 


Deen els 


7 We 
(7) a Sr he cko 


= 


where K is divergent or finite according to the different ways of evaluation, 
the energy E, of the real photon would be in the second order 


) By et al 
8 E, = chk, — — K = chk, 
0) Ci sa he cko a 
or 
2) 62) OK 
9 Ak =—-: SES 
(9) 32 he Chk, 


Apart from other difficulties which can be partly eluded, the covariance diffi- 
culties are again unchanged. As is well known, the undetermined constant 
comes just from that part of the vacuum polarization tensor which does not 
transform in the right way under Lorentz transformation. So, in this way 
a complete solution is also not reached without further prescriptions for the 
evaluation of the occuring singular integrals. 

To overcome this unsatisfactory situation we return to the beginning of 
our considerations. We have mentioned there that we cannot renormalize 
the mass of the photon in the same way as the mass of the electron, because 
the mass of the bare photon is zero from the start. But, experimentally, it 
is only required that the observable mass of the real photon vanishes. The 
mass of the bare photon is, in principle, unobservable. Therefore, the sug- 
gestion presents itself, to let the mass of the bare photon undetermined and 
to require only that the mass of the real photon vanishes 


(10) me, + me = me = 0 


The bare photon is then a neutral vector meson. In the scope of quantum 
electrodynamics, we can say nothing about the mass of this vector meson 
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except (10). It is, like the mass of the bare electron (the « mechanical » mass 
of the electron), not of quantum electrodynamical origin. The contributions 
of the couplings of the other elementary particles are contained in this mass 
(the contributions through pair creation of other charged particles, the coupling 
with the neutral x-meson and so on). As the neutral vector meson theory is 
well known it is not necessary to repeat the details of the theory. We write 
the Hamiltonian in the following form, which is particularly suitable to show 
the connexion with the usual quantum electrodynamics [2] 


See, Lan 


: tf Ay 0A 
(GEIS) aE =| wile; xi a + me) ca È a ‘ + (rot A)? + 


v 0%; SIT 


[mbe i 

+ | x (Qf? — A?) (e— €,)(ptap)A;— e RE Gin 
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with 2{ = (A,, A,, 43). Over repeated Latin indices it shall be summed up 

from one to three. You see at once with m°, = 0 we obtain the usual quantum 

electrodynamics. The second term is then 


” 


i" RE 
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Because of the limited time I cannot enter into the detailed calculations. 
I will try to describe this in an intuitive way. For the calculations we must 
replace mi, by — mi according to (10). If we solve the equations by pertur- 
bation theory we must use the photon with the renormalized mass (that is 
the mass zero) as starting point of the approximation just in the same way 
as is normally done with the electron. Otherwise we could not obtain a good 
approximation. Then the term 


mEnc\? 
FED: qa 42 
| 7 Qe- 42) 


belongs to the interaction and not to the free Hamiltonian of the photon. 
The Hamiltonian, the commutation relations and so on of the problem without 
interaction are then exactly the same as in the usual quantum electrodynamics. 
Therefore longitudinal and scalar photons can also not be observed. The only 
difference is the term (12) in the interaction, which acts as a counter term like 
the corresponding terms of the renormalization of mass and charge of the 
electron. mi’ is now the self-energy of a neutral vector meson. That means, 
we have now no covariance and uniqueness difficulties as the self-energy of 
a neutral vector meson is known to transform in the right way under Lorentz 
transformation like the self-energy of the electron. Now the unrenormalized 
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field quantities do not satisfy Maxwell’s equations but (3) with x = met, 
because the bare photon has the mass m°,, but the renormalized quantities 
satisfy the Maxwell equations and also the usual commutation relations of 
quantum electrodynamics, since the mass of the real photon is zero. So the 
whole theory which is the only observable theory is gauge invariant. Because 
of our starting point and equation (10) this is also true in all orders of per- 
turbation theory. 

It is interesting to notice, that the term (12) has already been used by 
Tomonaga and collaborators [3] as an ad hoc counter term to compensate 
the self-energy of the photon. But because the mass of the bare photon was 
zero at that time, the gauge invariance of the whole theory was destroyed 
and because m* was the self-energy of the photon according to the usual 
quantum electrodynamics the covariance and uniqueness diffeulties were 
inherent as well. 
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Les couplages de Fermi et la théorie des bosons. 
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Institut H. Poincaré - Paris 


Des raisons physiques ont amené A penser que les bosons sont formés d’un 
nombre pair de fermions, et on devrait done pouvoir calculer les propriétés 
fondamentales des bosons (masse, spin et constantes de couplages) a partir 
des propriétés des fermions qui les constituent. Une facon de poser ce probleme 
en théorie quantiques des champs est de postuler entre les fermions, supposés 
« élémentaires » et de spin 4, des couplages du type de Fermi. 

Nous voulons montrer ici, sur l’exemple simple d’un couplage scalaire de 
Fermi entre les deux paires (u = 1, 2) de nucléons et de leptons, comment 
le traitement complet de ce couplage introduit dans la théorie des nouvelles 
particules de caractère boson; nous évoquerons ensuite des applications de 
cette théorie. 


1. La méthode. 


Soit S, la matrice S déduite du Lagrangien de Fermi, et qu’on peut écrire 


oo AM) 
un a n x 
Sp Ci > g > = 7 
n=0 a=1 


es matrices ¥* étant représentables par des graphiques de Feynman conte- 
nant n» neuds; l’indice « repère les configurations topologiques. 

Soit d’autre part un Lagrangien de Yukawa dans lequel m mésons bosons 
({=1,2,...,m) de masses M,, couplés aux deux paires « de fermions par 
les constantes de couplage G) satisfont è certaines équations du mouvement. 


(*) Actuellement A la Division d’Etudes Théoriques du CERN, Institut de Phy- 
sique Théorique de Université de Copenhague. 
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La matrice S, déduite de ce Lagrangien peut s’écrire: 


CS) pnl) 


- 1 = 1 SERI ; di 
Ss eee) eG erga. pe anes 


1 iI ROSSA 
LITE Nj...No =0 A=1 


les graphiques associés aux matrices Vaie contiennent nf noeuds où s’ap- 
pliquent la constante G'; l'indice 7 repère les configurations topologiques. 

La méthode consiste à montrer que lon peut choisir les mésons par la 
donnée de leur nombre, des équations qu’ils satisfont, de leur masse et de 


leurs constantes de couplage, de telle sorte que l’on ait 


N ===. IN > 2 
DE y/o méson * 


(< >o meson? Signifie « valeur moyenne sur le vide de meson »). 

Cette égalité exprime que les interactions entre fermions résultant de l’exi- 
stence d’un couplage de Fermi, sont aussi des interactions mésoniques, ré- 
sultant de l’existence de couplages de Yukawa. 


Pour cela on peut procéder de la facgon suivante. 
a) On extrait de $S, une série 


(coi 


Di cai) Dan ys Fà 


n=0 xEal(n) 


définie par la donnée de l'ensemble a(n) qui est choisi tel que les graphiques 
associés à F, ne contiennent aucune boucle portant plus de deux noeuds. 
Le calcul de ces graphiques fait intervenir, en plus des spineurs et des propaga- 
teurs des fermions diffusés, des « Noyaux Primitifs d’Interaction » (UV,(p)), 
représentés par la somme de toutes les « chaines » constituées d’un nombre 
quelconque de boucles portant deux noeuds (B?), et reliant une ligne de fermion 
en un neud où la paire est v, à une ligne de fermion (différente ou non) en 
un neud ot la paire est v. Le quadrivecteur p est Vimpulsion-énergie totale 
échangée entre les paires wu et v. 

L’étude des (UV,(p)) montre qu’ils présentent deux pòles pour des valeurs 
Me (t—1,2) de,p*.. Ces. poles et les résidus correspondants Al, sont des fone- 
tions des constantes des fermions (constante de Fermi, masses des fermions 
et 2 constantes de régularisation pour chacune des boucles Be (u = 1, 2)). 
L’existence de relations entre Jes Aj, rend possible la détermination des cons- 
tantes G! telles que G/-G! = Aj, et on peut alors interpreter les (UV,(p?)) 
comme étant dus A l’échange de mésons virtuels dont les masses et les cons- 
tantes de couplage avec les fermions sont M, et Ge 
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b) Par une sommation des boucles 6°, la matrice S,, est de la forme 
ES 
(2 


chaque matrice 7, étant représentable par des lignes ouvertes de fermions 
et de boucles B"~? reliées par les noyaux (UV,(p?)). 


c) Soit i/H'(p*?) le propagateur du méson libre de la théorie de 
Yukawa, et soit 


(UVy(p*)) = X Gi Hp?) @, 


le noyau @ interaction mésonique. Définissons le noyau d’interaction méso- 
nique renormalisé au premier ordre par 


(UV =) (OV CY se UG WS) RaW Van) 


où A” est l’expression renormalisée de la boucle Bi, 
Sommant ensemble tous les graphiques qui ne different entre eux que par 
a A > té ar io a ¢ Ag e atrio iW 
le nombre de boucles B? portées par les lignes de mésons, la matrice (S,>, méson 
peut se mettre sous la forme: 


va Pe Se 
Sardo méson ~ > Li iDo méson 
î 
chaque matrice <Y,),méson Ctant representable par des lignes ouvertes de fer- 
mions et des boucles B"7° reliées par les noyaux (UV@(p?)). 

Si la théorie de Yukawa ne postule que deux mésons dont les masses et 
les couplages sont les constantes M, et G! calculées dans la théorie de Fermi, 
il existe alors une correspondance biunivoque entre les matrices Ff; et les 
matrices (Y;> meson Chaque matrice ayant les mémes lignes ouvertes de fermion 
et les mémes boucles 5” (avec n > 2) mais faisant intervenir respectivement 


les noyaux (UV,) et (UV{). Ces deux noyaux ont les mémes poles et résidus. 
En imposant les conditions 


(UV,) = (UV4) 


on détermine les propagateurs des mésons de la théorie de Yukawa pour 
€ SI — 
laquelle on a S, = (Sx); meson: 


La renormalisation complete de la théorie de Fermi résulte alors des mé- 
thodes que l’on connait pour la théorie de Yukawa. 
Le caleul montre que (UV) n'est fonction que des différences entre les 
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expressions régularisées et renormalisées des boucles B?; ces différences étant 
des binomes en p?, il en résulte que les équations des mésons libres de la théorie 
de Yukawa sont des fonctions linéaires du Dalembertien (*). 


2. — Conséquences. 


Le fait que les bosons apparaissent toujours comme des états intermé- 
diaires et que d’aprés le formalisme ils ne doivent pas étre présents aux infinis 
temporels, implique que la quantité M? ait une partie imaginaire finie; c'est 
le cas si la masse du boson est supérieure à la masse de la plus légere des paires 
de fermions qui le constituent, car la boucle B? formée avec cette paire a une 
valeur complexe p? = M}. 

Les calculs précédents se généralisent, et lorsque p paires de fermions sont 
couplées par des couplages de Yang-Tiomno, il y a p types de mésons par 
Vintermédiaire desquels ont nécessairement lieu les interactions f. 

Les mésons intermédiaires doivent done apporter des corrections dans les 
effets de désintégrations 6 (bremsstrahlung interne, par exemple). 

La structure complexe des mésons implique que les interactions photon- 
méson n’aient lieu que par l’intermédiaire des paires de fermions. 


3. — Exemples. 


Nous renvoyons pour les exemples è d’autres publications: 

— Théorie des mésons PS chargés [3]. 

— Indépendance de charge des forces nucléaires [2, 4]. 

— Théorie du photon [1]. 

_— Généralisations aux théories de paires et a la théorie des fermions [3]. 


(*) Le fait que seule la différence entre les expressions des boucles B* régularisées. 

. , . . 0 " page . 
et renormalisées interviennent dans les noyaux (UV), et non ces expressions elles 
mémes, invalide la conclusion de non-linéarité des équations des mesons publiée pre- 
cedemmen. 
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INTERVENTI EDISCUSSIONI 


— H. J. GROENEWOLD: 


Can the equivalence of ><>< + ete. and >--< + ete. also be extended 
V 


Je 


to processes with more complicated lowest order graphs, e.g. > + ete.? and 


a 


Se | a tent 


— B. Jouver: 

Oui, la sommation des boucles B?, faite dans les deux théories, conduit a deux 
expressions identiques. Une étude des graphiques analogues a ceux que vous avez 
tracés a été faite pour la théorie du photon qui est un cas particulier de exemple 
donné ici. Les deux paires de fermions sont alors d’électrons et de neutrinos, et le 
couplage de Fermi est vectoriel; les deux bosons de la théorie équivalente de Yukawa 
sont alors identiques; ils ont une masse nulle et sont couplés aux électrons et aux 
neutrinos par des constantes e/1/2 et zéro, «e» désignant la charge électrique. 


[Note ajoutée aur é preuves. - Dune discussion privée, il ressort que la 
question posée par M. GROENEWOLD se rapportait implicitemente 4 une difficulté 
fondamentale des anciennes théories neutriniennes de la lumiére; à savoir: dans le 
cas ot deux photons se propagent dans la méme direction (1° terme du dernier 
graphique), ces théories n’empéchent pas les quatre neutrinos correspondant qui se 
propagent dans la méme direction de se combiner en une autre paire de photons 
avec une probabilité appréciable (2°me terme du dernier graphique). Dans la présente 
théorie, le deuxiéme terme du rapport de la masse de cut-off du champ de neutrino 
à la masse du neutrino; cette quantité n’a pas encore été déterminée.] 
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| Hilbert Space II and the “Ghost” States of Pauli and Kallen. 


W. HEISENBERG 


Max-Planck-Institut fiir Physik - Gottingen 


The following note is intended to be a comment on the paper of KORTEL, 
Mirrer and the author [1], which has been reported at the conference, and 
the discussion of PAULI[2] on the « ghosts » discovered in the model of LEE[3]. 

According to PAULI and KALLEN [4] the renormalization of the Lee-model 
(without or with a sufficiently slow cut-off factor) enforces the introduction 
of an indefinite metric in Hilbert-space, which leads to the existence of a new 
kind of states. These states contribute to the commutation function a negative 
term, which cancels the worst singularity in this function, but a physical 
interpretation of such states could only be given, if it were possible to give a 
meaning to a negative probability. Therefore these states are called « ghosts » 
in Pauli’s discussion and it seems highly probable, as seems to follow also 
from a paper of LANDAU [5], that such ghosts appear also in renormalized 
quantum electrodynamics. 

The Hilbert-space II reported in the paper on a special non linear wave 
equation [1] is closely related to such «ghosts »; it can in fact be considered 
as a Hilbert-space constructed only from such «ghost » states, since it is defined 
by the negative contributions to the commutation function which cancel the 
6- and 6/-function on the light-cone. 

Therefore the question arises, whether Hilbert-space II will not necessarily 
destroy the unitary character of the S-matrix, as it was the case with the 
ghost in the model of Lee (PAULI and KALLÉN [4)]). 

To settle this point one has to inquire into the nature of the ghosts intro- 
duced by Hilbert-space II. The commutation function used in the model 
for the theory of elementary particles by Korter, MITTER and the author [1] 
can in a certain approximation be written as 


x ni il 205 ay al il 
(1) iS(0) = Pity de ar 
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in momentum space (the path of integration in the complex Po-plane to be 
determined in the usual manner). The first term in each bracket refers to 
a state of rest mass x in Hilbert-space I, the other terms are the contributions 
from Hilbert-space II. 

A state vector ® can be defined either by functions of the type 


— 
bo 
_ 


0 (Pp) | D> = tp), 0 w(P1)(P2) |D> =t(pip2) , 


or by writing 
(3) (== | x) Apy*(n)|0 +... 


The functions t(p) may be called the covariant, the y(p)s the contravariant 
representation of @. 
Let us write 


(4) wip) == (ps p= Pe 


where p is the space component of the four vector p. 

If the system has only discrete eigenstates belonging to the masses x,, 
%; ... and to Hilbert-space I, then the value of y(p) is needed only at the 
points p?— pi = x. 

If we assume 


(5) P= Jaar mo 


and insert this value in (2), we find 


(6) t(p) = | <0 | plp)yt(p')| 0S x(p) ap’ 
de 


Since in (6) the integration has to be performed on the real axis of p,, one 
has in (1) to replace the term 1/(p? + x?) by 2nid(p? + g2), 1/p? by 2rrid(p?) 
and 1/p* by — 2zi0'(p?). Therefore we get from the first term in (1) a con- 
tribution to t(p) of the form 


l | xp) (Py, + ix): (42)d(p? + x?) , for po> 0, 
(7) t(p) = 


| 0. {Or py = Ue 
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Turning from momentum space to ordinary space we get in the usual way 


n 


(‘9 ici CA Be const [(p 21 SL | iy,) dp exp[i(p, r—tVp?+ Eile 


For the contribution of the « ghost »-states however we get a different 
result. From (1) and (6) follows 


(9) t(p) = x(p, p? — p?)(P,y,L 20’ (p?) — d(p°)] — 1x0 (p?)) . 


If we calculate t(r) from t(p) by first integrating over po, the 6’-function 
will contribute expressions of the type t-exp [7i(p, r—t|p|)] besides the usual 
expressions. Some parts in r(x) will contain the function of p y(p, 0), other 
parts the function [(¢/¢z)7(p, 2)]._s- Therefore the states of Hilbert-space IT 
have very different properties from those of Hilbert-space I and also from 
the « ghost-states » in the PAULI-KALLEN paper. Apparently we can distin- 
euish two groups (and only two groups) of such states, the amplitudes of 
which in t(p) are given by z(p,0) and [(0/02)x(p, 2)],_, respectively. The 
first group contains terms of the type t-exp [i(p, r—|p|t)] in the covariant 
representation t(7), the second group contains such terms not in the t(x), 
but as we will see in the contravariant representation. 

In calculating the contravariant representation in ordinary space one has to 
remember that one cannot characterise a state belonging to a discret mass 
value by an integral [dez(a)p*() 9), taken over all four space-time coor- 
dinates. Such an integral would diverge. But we can define the state by an 
integral over threedimensional space only, the time dependence then being 
given by p(r). We can therefore put D = farz(ryp*(@) |, where y(r) is just 
the Fourier transform of 7(p,— #°). 

Repeating the calculations (5) and (6) in ordinary space, we get 


(10) td) 3 arate WS x’) + S,(a—~2’')]. 


In the special case y(r’) = exp [ip, r'] we can again use eq. (1) and find 
as contribution to (x) from Hilbert-space TI the sum of two terms of the type 


(11) ((—t)exp[-i|p|t—®)] and exp (— i|p|(i—®)]. 


Tf we pick out those terms, which depend on ¢’ like exp [i|p|t] (which 
corresponds to [(0/@2)z(p, <)]._o = 0), we find the terms t exp [—i|p|t] in the 
expression t(x). If we pick out the terms t' exp [i|p|t'] (which corresponds 
to yx(p, 0) = 0), (x) depends on time in the usual manner like exp [— ip]; 
but the contravariant representation then contains just this term t' exp [i|p|{]. 
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Since these two groups of states form the complete Hilbert-space II, one can 
see that any «ghost »-like state contains terms of the form t-exp [ipt] either 
in the contravariant or in the covariant representation and may therefore be 
considered as a kind of « dipol-ghost », as has been pointed out in [6]. 

This fact however is sufficient to prove the unitarity of the S-matrix. If 
we have a system consisting of several particles without interactions, the 
wave function of the system can be written as a product of the wave functions 
of the single particles. If we start with a system without ghosts and if we 
introduce a common space-time vector x, and besides that only relative coor- 
dinates 0,7%, etc., the total wave function will depend on the common 
space and time like exp[iJ,«,,], where J, is the energy-momentum vector 
of the whole system. After the scattering has taken place, the total- wave 
function will — since the t-equations are in x, linear differential equations 
with constant coefficients — still depend on «, like exp [?J,x,] in both repre- 
sentations. Therefore it cannot contain ghost-states, because then the time 
dependence would have to be different either in the covariant or the con- 
travariant representation. Therefore the S-matrix will be unitary. 

This argument shows that in the model for the theory of elementary part- 
icles under discussion the ghosts do not appear in the asymptotic behaviour 
of the wave functions. Therefore they do not lead to difficulties in the inter- 
pretation of the theory. 

If one would try however to describe the microscopic behaviour of the fields, 
one would have to deal with the ghosts and would have to use «negative 
probabilities », in other words: such an interpretation would be impossible. 

The situation is similar to the situation in the many body problem of 
quantum mechanics. Hilbert-space I there contains (so we can say) all states 
with the correct symmetry (antimetric wave functions). Hilbert-space II con- 
tains all states of different symmetry. For the formulation of the commutation 
rules we need Hilbert-space II, else the formalism would become extremely 
complicated. But since a state stays in Hilbert-space I when it has started 
there, we can assume, that only these states occur in nature; this is the content 
of Pauli’s principle. 

The papers of PAULI and KALLÉN and those of LANDAU make it seem very 
probable, that quantum electrodynamics contains ghosts after renormalization. 
If it is true, that any convergent theory with interaction will finally contain 
ghosts (and this may be true on account of the necessity to avoid the 6-functions 
on the light cone), it seems natural to try to limit the influence of the ghosts 
to the local interactions so that they do not disturb the asymptotic behaviour. 
Hilbert-space I in the model under discussion has been defined just for this 
purpose. 
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Zur Vertex Funktion in Quantisierten Feldtheorien. 


H. LEHMANN, K. SYMANZIK und W. ZIMMERMANN 


Max-Planck-Institut fiir Physik - Gottingen 


[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 2, 425 (1955). Qui riportiamo solo il riassunto. N. d. R.] 


Summary. — It is shown that the vertex function J(p,, ps) in quantized field theories 
has to satisfy a condition which implies that it vanishes for large momenta. This con- 
dition follows from requirement that no abnormal states (with negative norm) exist. 
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The Concept of a Mesic Fluid 
in Relation to Pseudoscalar Meson Theory. 


T. H. R. SKYRME 


Atomic Energy Research Establishment - Harwell 


The considerable success of the shell-model as a description of nuclear matter 
has stimulated enquiry into its justification. Two different ways of under- 
standing the saturation and uniformity of the nuclear force-fields have been 
proposed; on the one hand there are the ideas of BRUCKNER et al. who explain 
the phenomena in terms of two-body forces only, whose operation is modified 
and restricted by the exclusion principle; on the other hand efforts have been 
made to construct meson field theories which will exhibit saturation in a more 
direct manner, such as the non-linear theories of Schiff and the ideas recently 
put forward by TELLER. I do not believe that there is any real contradiction 
between these two approaches; if saturation of the meson field exists then there 
will be some attenuation of nuclear interaction at small distances which will 
make 3-body forces relatively unimportant, and the analysis of BRUCKNER 
will be an alternative method of description, though possibly not the simplest. 
In this report I want to explain some ideas arising from a particular treatment 
of pseudoscalar meson theory which I have proposed, and some of the diffi- 
culties of this interpretation. 

Our treatment is, at present, entirely non-relativistic and uses a cut-off; 
it is hoped that some progress can be made towards a more satisfactory treat- 
ment with the help of methods outlined by us in another report, but nothing 
in this direction has yet been done. One idea that we have taken from our 
preliminary work using a relativistic variational principle is that the bare mass 
of a nucleon might be zero, with all the real mass of mesic origin; then on the 
usual equations of symmetric pseudoscalar meson theory we make the fol- 


lowing transformation of the particle field 


(1) y > 2-71 —tystu)y ; 
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where we have split the three meson fields at any point into an amplitude g 
(positive scalar) and a direction v in isotopic spin space. This is a type of 
strong-coupling transformation, and the transformed interactions separate into 
a term gp and a part that depends only upon uw. The non-relativistic terms 
in the resulting Hamiltonian are then 


(2) p*lgp + 3o-Vi-u + 3pt(txn-2)]p + (1/89 px w)y?] . 


We now suppose that in this transformed system the y are more like actual 
experimental nucleons; and that the u-couplings have comparatively small real 
effects after their reactions have been taken into account. 

In the very crudest form of approximation we might neglect the terms 
linear in w, and replace the last term by y*(d/g*)y, where d is constant de- 
pending upon the cut-off (in the many particle system there would be inter- 
ference effects, but these will only involve rather low frequencies compared 
with those that mainly contribute to d). This would leave just the coupling 
to the amplitude with a mass term of the form 


(3) W(g) = 9p + d/4p? . 


This form of W, imperfect as are the approximations that led to it, already 
exhibits the characteristic feature which we are exploiting in this theory; 
this is the existence of some classical field strength qm, for which W has a mini- 
mum value W,. 

If we temporarily disregarded quantum fluctuations of the meson field we 
then have a simple model of the many-nucleon system; a volume over which 
the field has a nearly, constant amplitude, determined in extension by a 
balance between the volume energy of the field and the kinetic energy of the 
nucleons moving in it with the potential W(g), which will have an approxi- 
mately square-well shape. This has been analysed in some more detail in a 
paper in course of publication, and we shall not discuss it further here. 

If we accept provisionally the idea that p has a nearly constant value qo, 
we can attempt to analyse further the form of the reaction terms that will 
enter into W(g). As is well known the 6-function interaction (repulsion) re- 
presented by the last term in the Hamiltonian is cancelled, as to its grossest 
singularity, by second-order reaction terms, from the linear coupling. We 
have carried out a single perturbation calculation in which we have regarded 
fluctuations as small compared with g,; we find then that the g_* repulsion 
is replaced by a g-* term with the same positive sign, so that the characte- 
ristic minimal property of W remains; the pseudovector interaction produces 
a negative g_? reaction term that does not change the picture significantly. 

This calculation is still very crude and we cannot assert very much about 
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the precise form of W. When we consider field fluctuations we begin to en- 
counter difficulties which may, indirectly, teach us more about its form. If 
we simply expand W about its minimum value 


(4) W= W+3W"P— pa)? 


and include just the quadratic term, we shall find the following effects: 


(i) The fluctuations will have an added mass (proportional to (4W")) 
which will reduce the amplitude of oscillations within nuclear matter in a self- 
consistent way. 


(ii) This same increase of mass would reduce the range of the residual 
internucleonic forces that arise from wu interactions. 


(iii) The extra mass-term would give rise to repulsive scattering of ex- 
ternal mesons, just like the familiar repulsive meson-pair term. 


(iv) There is an additional term in the total energy of the system arising 
from the change in the zero-point energy of the meson fields. For large W° 
this would be proportional to the volume of the system. 


Our elementary calculations of W suggest a large W", which is satisfactory 
for (i), but not for the others. We can remove this contradiction partially by 
supposing that W(g) is rather flat near qo, with small W” as suggested by the 
considerations (ii) and (iii), rising steeply further away so that fluctuations 
are cut down, not by an added mass term proportional to g?, but by a non- 
iinearity of high order. There remains still the problem presented by (iv); 
there will certainly be an added energy of this type, but we would not like 
it to be proportional to the volume as that would tend to reduce too much 
the size of nuclei. This has not yet been fully investigated, 

Another interesting question that we would like to discuss briefly is the 
applicability of this model to the structure of an individual nucleon, which 
we picture physically as an oscillating coupled system of « bare » nucleon and 
attendant field. To describe this it seems more convenient not to discuss 
stationary states corresponding to some total momentum K, but the whole 
wave-matrix in its Fourier transform, i.e. 


(5) Va, B; a!) = i pela, 9) xp iKa']dK , 


where y, are the stationary state eigenfunctions of the system. 
In the absence of particle-field interaction Y has the form 


(6) Pla, D; a) = d(x — a) Pol) 5 
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where ©, is the vacuum state-function of the meson field. If we expand Ua! 
by perturbation theory we can, quite generally, express the result in the form 


— 
cani 
— 


> Wal L')D,(, x") . 


If the coupling is strong it is possible that this series might, in a suitable re- 
presentation, be dominated by a single term 


(8) xa—2')D(p, a). 


We will suppose that this is the case in our transformed representation, 
the function W satisfies the equation 


(9) (Pea ye a, 


where H' is the Hamiltonian of the whole system considered as a free particle. 
We can try to solve this by assuming the form (8) for ‘7, and then varying 


(10) fera nywar, 


to find the best forms for y and @. The vanishing of (10) gives another con- 
dition that fixes the experimental mass constant M that occurs in H’, and 
this has finally to be minimized. 

We shall suppose also that y has been reduced to 2-component form, at 
least approximately, by the appropriate transformation, so that H will contain 
the kinetic energy term 


(11) — (1/2W)V?, 


while H' has a similar term with M instead of W. The difference between 
these, which according to our model arises mainly from the change in the 
zero-point energy of the meson fields, is important in the subsequent discussion. 
If they were equal then the bare nucleon would stay at the centre of the 
system and we should have the usual picture of perturbation theory in which 
the meson cloud is more or less rigidly attached to the nucleon. When they 
are unequal the bare nucleon and meson cloud oscillate about their mass- 
centre; the extension of the meson cloud, measured by the distance between 
its centre and the bare nucleon, is estimated to be of the order of (1/x), and 
so the extension of the bare nucleon distributicn which measures the effective 
smearing out of the system viewed as a whole is of the order of ((M—W)/M)(1/x), 
say 6-10-14 cem if we suppose that W/M = 0.55. 

The interaction of the system with external fields could then be discussed 
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ot 
w 


by perturbation techniques. We will only note here that the effective pseudo- 
vector coupling constant will be measured by (1/2q@o) corresponding to a coupling 
constant {2/47 around 0.3. 

Another feature of this theory is the possibility of forming states with a 
different type of classical field. In addition to the kind of solution we have 
envisaged in which the meson field is uniform in magnitude and direction, 
we can find alternative solutions of the classical equations, in which for example 
u = (e;r;/r) and the e; form an orthogonal matrix; the meson field would then 
correspondingly have a «hole » in the centre. We should like to identify such 
a structure with an excited nucleon state, but further analysis would be pre- 
mature until the details of this theory have been considered more carefully. 
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Some recent developments in quantum field theory have been associated 
with the use of functional integrals. As is well known through the work of 
the Birmingham School, described by 8. F. EpwARDS, these concepts allow 
one to write down formal expressions for the propagator of a particle inter- 
acting with meson fields which reduce the problem to the mathematical one 
of evaluating some complicated integral expressions. Starting from the same 
origin we have tried to develop other methods of calculation more analogous 
to those of non-relativistic quantum theory, and in which we hope that intui- 
tive physical ideas may be able to play a large role. 

We shall illustrate our general ideas in terms of a single scalar meson field, 
to avoid any notational confusion. The equation of motion of a particle field wp 
in a given meson field q(x) is then of the form 


(1) T,y=[y,4/dx, + Mo + 9og()]p = 0. 


As in most of the Birmingham work we shall suppose that real effects of va- 
cuum polarization are negligible, so that the real mesons obey the free field 
equations with the observed mass. Then the propagator of the particle field is 
equal to the reciprocal of 7, averaged over all fields q with the weighting factor 


(2) exp ih) [ema ; 


where £ is the lagrangian density of the (real) meson field. 
It is convenient at this point to introduce the propagator of a particle in 
the presence of real mesons, which we shall describe by the matrix 


(3) (e|V(p)|@') . 
In the absence of real mesons the propagator is simply 


(4) G(x, a’) = (a| V(0)| 2’); 
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V is defined by the equation 


(5) Ti (q =id/dp)V = dle — a') exp 


— K(/m) | | pw" )A(a', «)p(a)| 


where A is the propagator of the free meson field. The equations (4) and (5) 
are merely an alternative way of describing the construction of the propagator. 
In general the coefficients of powers of p in V are equivalent to 7-products 
involving a number of meson field operators, and describe physically the pro- 
pagation of the particle when real external mesons are added to the system. 

Of the propagator V(0) we can assert that it must only be a function of 
(e— a’), and that its Fourier transform must have a pole where the factor 


(6) (iyK + M) 


vanishes, describing the propagation of a real physical particle of mass M. 
In general this will be multiplied by an infinite factor of renormalisation, and 
to remove such factors from V we define a renormalised functional W by 


(8) W(0)=1 
and W satisfies the functional differential equation 
(9) Tg =id/dp)W= («| 7,|a') exp[.....], 


where 7, is the reciprocal of V(0). In the absence of particle-field coupling 7) 
and 7, are identical, and W(p) is equal to the exponential factor describing 
the propagation of an arbitrary number of free mesons. 

In particular if we post-multiply W into the wave-function of a real- 
particle state (satisfying T,y = 0) then T,W=0. Now this is rather like a 
non-relativistic Schrédinger equation of the form (H — E)y = 0; and asso- 
ciated with that equation is the variational principle 


(10) ò | wat — E)ydt =0. 


We can clearly assert a similar principle in the relativistic problem, once we 
have defined the scalar product of the W in a suitable way. We have used 
the following definition of this product 


(11) (Wi, Wa) = const ao" fap" fante W@M 1a | WA) 


sit) | fe +p )A(p + -p")). 


‘exp 
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The constant is so chosen that 
(12) (Wo, Wi) = Wi(0) = 1, 


where W, is the unit operator, equal to the right hand side of equation (5). This 
definition appears quite natural if we regard all Feynman diagrams which 
build up the propagator as split into two parts, which are joined together 
with the propagators of the meson field. Also this definition is equivalent 
to the usual scalar product of non-relativistic theory in the special case when 
comparison is possible, namely when negative energy states are empty and 
there is no pair production. 
Then, with these definitions, there is the variational principle 


(13) 6(W, T,W) =0, 


where multiplication into a real state y is to be understood. 

The problem now is to guess suitable forms of W involving parameters 
that can be varied. The work that has so far been done has used the ideas 
of the « Tomonaga » type of intermediate coupling theory, in the following 
way. It has been convenient to take W in a mixed representation of the form 
(w|W|K), corresponding to multiplication into a plane wave state exp [iKa]; 
then we can calculate from (9) the terms of first order in the coupling constant; 
thus for the simple scalar theory 


(14) (a Wig ic) = 


= («| W.(p)| E) (1-0 Jars iyK + k)-(k? + x? — ie)p, exp [ika] + : 


and the «intermediate coupling » hypothesis replaces the second factor by an 
arbitrary function of the linear term. We should remark at this point that 
divergences will then reappear in the calculations because there are not the 
proper compensations between the higher order terms; so that in application 
we still have to use a (relativistic) cut-off, though for renormalisable theories. 
the divergences that remain are only logarithmic. 

In the application of this procedure to symmetrical PS-PS theory, con- 
siderable mathematical complication immediately enters because of the 8 di- 
mensions of the spin and isotopic spin spaces. We have therefore made further 
approximations to the form of W assumed to give something that can be 
handled analytically; we have supposed that the PV part of the effective 
interaction can be treated as a perturbation, so that only the coupling between 
positive and negative energy states is really treated as strong; this incidentally 
leaves as the only divergency a renormalization of the coupling constant gp 
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in T,. We have also replaced the «arbitrary function » of the general inter- 
mediate coupling theory by a simple exponential, corresponding to a Pois- 
sonian distribution of occupation numbers of the meson states. 

When all these approximations have been made we can get from the varia- 
tional conditions relations between the «bare» mass and coupling constant 
and the real coupling strength, defined here in terms of the virtual emission 
of a meson. We find that solutions only exist for values of % that are not 
too large (since it is renormalized, the actual numerical value is not significant); 
for the maximum permissible value the bare mass must be nearly equal to 
zero, and the real coupling strength corresponds with a value of g?/47 around 6. 

In this simplest approximation we have neglected all coupling to the nucleon 
spin so that there will be no anomalous magnetic moments. If we treat the 
PV part of the interaction as a perturbation we shall now find such effects. 
In this way we have attempted to calculate the neutron’s magnetic moment. 
We find its value to have a maximum (in absolute magnitude) for this special 
case of zero bare mass that we have previously mentioned, equal to about 
1.7 nuclear magneton. The calculation of the proton’s moment is less satisfac- 
tory, involving recoil effects which are very sensitive to the structure of W; 
the formula by which it has to be calculated has not the same simplicity as that 
for the neutron’s moment. 

We are following up these ideas in two directions. In the first place J. BELL 
is looking more closely into the basic idea, to see the extent to which diver- 
gencies can be eliminated by appropriate choices of W, and to consider other 
variational methods which may be more appropriate for particular calculations. 
In the second place this method seems well adapted to a proper relativistic 
discussion of the type of solution that we have proposed in another paper at 
this conference; in this latter model we have suggested that after certain trans- 
formations the wave-function of the system should be the product of a nuc- 
leonic and of a mesonic part. In terms of W this would appear as the product: 
of a nucleonic function of (x —«’) with a mesonic wave-function that depends 
upon the nucleonic variables only through 2’. 
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[Il testo completo di questo lavoro è stato già pubblicato nel Nuoto 
Cimento, 3, 1177 (1956). Qui riportiamo solo il riassunto. N. d. R.] 


Summary. — In connection with our work on the quantization of general relativity, 
we have investigated the equations of quantum electrodynamics, with the unrestricted 
gauge group, that is without specializing to Lorentz or Coulomb gauge. Even before 
quantization, we formulate the theory in terms of « true observables » only. We define 
these as dynamical variables generating canonical transformations leading from one 
permissible state to another; a permissible state, in turn, is a set of values of all cano- 
nical variables that obeys the gauge constraints. Similarly an observable in the quan- 
tized theory must be a Hermitian operator within the Hilbert space of permissible 
states; the latter are those obeying the gauge constraints. Transition to the true ob- 
servables not only eliminates the longitudinal parts, of the vector potential and the 
scalar potential from the theory, but also the longitudinal components of the electric 
field strength. Likewise, the operators that create and anihilate charged particles are 
not themselves observables, but one can construct product combinations that are. 
Such (gauge-invariant) products involve the product of a creator by an annihilator 
at different space points, multiplied by a functional that depends on a line integral 
of the vector potential, the path of integration being any curve connecting the two 
space points. It turns out that the Hamiltonian can in fact be written in terms of 


these observables only, and that the infinite self-energy caused by non-transverse photons 
is eliminated automatically. 
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On Dynamically Deformable Form Factors in the Theory 
of Elementary Particles. 


M. MARKOV 
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[Il testo completo di questo lavoro è stato già pubblicato nel Sup- 
plemento al Vol. III, Serie X, del Nuovo Cimento, pag. 760. Qui ne 
diamo un breve riassunto. N. d. R.] 


Summary. — Various theorie have been proposed which try to introduce the concept 
of extension of the elementary particles, by means of the form-factors, or of additive 
«internal» degrees of freedom, connected with the so called « fundamental lenght ». 
The main difect of all non local field theories proposed up to now is that form-factors 
representing the particle dimensions are described by functions whose form is indi- 
pendent of the forces acting on the particle. In an « absolutely rigid medium » of this 
sort the signal velocity would exceed that of light, and that of course 1s incompatible 
with relativity. Apparently, it is exactly this fact that explains the failure of all previous 
attempts carried out in this direction. One examines the possibility of constructing 
a «dynamically deformable » form factor extended over a region in which interactions 
are propagated with ritardation, in the hope that they could give a clue for the fun- 
damental problem of eliminating the well known divergence difficulties. 
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Summary. The convergence of the expectation value N of the number of soft 
photons emitted by a given classical current is studied, using Bloch and Nordsieck’s 
approximation. It is found that N is finite, whenever the particles producing the 
field are moving is a finite volume of space. Therefore in every experiment that can 
really be done the number of emitted photons is finite. Bloch and Nordsieck’s di- 
vergence, which arises in the case of a charged particle undergoing a transition between 
two definite momentum states, corresponds to experimental conditions which can not 
be reached in nature (an infinite volume of space necessary). In the Appendix a less 
stringent condition for the convergence of N is derived. 
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Report on Theoretical Pion Physics at Illinois. 


G. F. CHEW 


University of Illinois - Urbana, Ill. 


1. — Introduction. 


A simple version of the Yukawa theory which ignores nucleon recoil as 
well as the possibility of anti-nucleons has shown remarkable capability for 
the correlation of experiments invclving the pion-nucleon interaction in the 
low energy (sub-GeV) region. I have no time here to discuss the limitations 
of this the-retical approach or the relation to a true relativistic theory. I simply 
want to summarize the attempts at correlations which have been made re- 
cently at Illinois and the success or lack of success which has resulted. Papers 
describing the various calculations have been written. 


2. — Pion-nucleon scattering (F. E. Low and G. F. CHEW). 


The two parameters in the no-recoil theory are the coupling constant f? 
and a cut-off energy w,,.. The latter might be described as the maximum 
energy which a pion may have and still interact (be emitted or absorbed) by 
a nucleon. The former can be shown to be a measure of the interaction strength 
for zero energy mesons. Both would appear to be best determined at present 
by measurements of pion-nucleon scattering. 

Consider first the coupling constant, which is to be determined by zero 
energy scattering. Experiments in the laboratory cannot go below a pion 
energy © = 1 (in units of the rest energy) so extrapolation is required. Using 
a formulation of the theory discovered by Low it has been possible to show 
that for low energies the function (7?/m*) cot 6, where w*= w+ nucleon kinetic 
energy in c.m. system, (for any p-phase shift) should be almost linear for 


@*< 2 and should extrapolate at zero energy to a simple and known multiple 


of the (inverse) coupling constant. Professor BERNARDINI has shown in his 
report to the Conference how this extrapolation leads to a value of the coupling 
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constant f2 2.08. A test of the theory would be to extrapolate the other p- 
wave phase shifts and see if they yield the same value for 7. Unfortunately 
the present experimental data say very little about these other phase shifts 
except that they are small. (The no-recoil theory has nothing to say about 
S-wave scattering). 

The slope of the (73/m*) cot 6 plot can be shown to involve an integration 
over virtual mesons and thus may be used to determine the cut-off energy 
Dax’ Lb can be proved that for the 3-3 state the slope is negative and in this 
sense one may say that a resonance is «predicted » by the theory. The cal- 
culation of the cut-off energy needed to produce the required slcpe (i.e. a re- 
sonance at w*= 2) is not yet reliable, but we believe w,,. ~ 6u. 


ax 


3. — Photo-meson production (F. E. Low and G. F. CHEW). 


The no-recoil theory leads to definite predictions about photo-meson pro- 
duction. Note that here (and in fact in everything else I shall discuss) there 
are no longer any free parameters. 

In the Low approach it is natura] to divide the total current operator of 
the meson-nucleon system into three parts 


PIs hala 


The first two are independent of meson variables and are defined to have the 
same matrix elements as between states which correspond to a single physical 
nucleon, j_ is everything else. Note however that j_ is not the usual meson 
current. It is only that part of the current which does not contribute to the 
properties of a single physical nucleon. 

The complete photo-meson amplitude may, then be written: 


H = H+ H+ H+ 6M" + 607. 


The first two terms are due to absorption by the single nucleon magnetic 
moment (magnetic dipole transitions leading to p-states) Fe" (9, — 9,)/2 = 2.4 
and is large, known explicitly in terms of f and the phase shifts; #*~ (9, + 
+ gy)/2 = 4. and is small. Also #* cannot lead to the resonant 3-3 state be- 
cause it does not change the isotopic spin, so we shall neglect it. #° depends 
only on f, coincides with the usual B.A. expression and is large. It contains 
the only term in the amplitude which does not vanish at threshold, but it 
contains in addition to this S-part all higher /-values. 6M* and 6Q" represent. 
radiative corrections to #°. They are hard to calculate but rather small and I 
disregard them here. Further, it is a good approximation to keep only the: 
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3-3 part of #0”, so we have 
FH ~ Hi, + KH, 


an expression in which the cut-off energy does not appear. Professor BERNAR- 
DINI has shown how this very simple expression predicts correctly (~ 20%) 
the total charged and neutral total cross-sections in the low energy region. 
It also yields the main features of the angular distributions. Evaluation of 
the remaining small terms within the framework of the one-meson approxi- 
mation could be carried out if the experimental data should warrant such 
accuracy. 
The complete expressions for 3e' and vî° are: 


V In — Ix\js 9 = A sin ds: 
CARE | Mf? )(Òss — 17,t3)(2g-kxe— io-qx(kxe))exp [1055] i 
Ia: e: lq: 
FO. = — tf (Os — Tats) |S € [20 (g_ Plage ‘ 
(ie — gq)? + 4° 
0 


4. The two-nucleon interaction (5. 


GARTENHAUS). Ani 

The static two-nucleon potential = 
has been calculated up to fourth _30 
order in the renormalized coupling 
constant. The results for triplet even = ~4° 
states are shown in the Fig. 1. With ' 
a cut-off energy ©, = 64, the f? re- Te 
quired to produce the correct denteron E 
binding energy is .081. The other 2 
experimentally measured properties of -70 E 
the deiteron are compared with the S 
theory in Table I. One may conclude eof 
that all observed properties of the te 
deuteron ground state have been suc- 


(4315 10'3xcm ) —> 


cessfully predicted (with no free Pa- 49 

rameters. ) P 
The singlet potential is not so LETI 

spectacularly correct. The theoretical 

potential for f? = .081 is shown in Fig. 2. This is somewhat weak but 


increasing f? to .1 gives the correct scattering length. The effective range is 
9.5-10-13 em, which agrees with the experiment. In view of the many inade- 


—— | — ll 
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TABLE I. — Triplet parameters obtained with potentials using the indicated values 
of f? and @,,. 


fj Om (11) PES) MORO 22 cme ale Oem) a, (10-4 em) 
0.089 6.00 6.80 2,90 | 1.75 5.42 
0.093 7.00 | 7.00 3.08 1.81 5.47 

Experimental | 2.80 2.74 1.70 5.39 


quacies of this approach, the singlet result may also be regarded as a success. 
In fact one must remark that the overall success is much more than had 
been hoped for. 


5. — Nucleon electromagnetic form factors. 


The fornì factors for the distribution of charge and current in single nu- 
cleons have been calculated in lowest order perturbation theory by SALZMAN. 
The resulting r2 is in satisfactory agreement with the Stanford experiments 
on p-e scattering (Fig. 3). The calculation is now being improved. It may 
be recalled that a fourth order perturbation calculation by FRIEDMAN of the 
anomalous static magnetie moments of neutrons and protons gave results 
within 30% of the experimental values. 
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INTERVENTI E DISCUSSIONI 


— N. FUKUDA: 

Since the S-wave interaction is also very strong experimentally, it is not approp- 
riate to treat the P-wave interaction by itself. That is to say, one should take into 
account the correlation of S and P interaction in any realistic calculation. We have 
shown that the P-wave interaction is in fact largely affected by the S-wave meson cloud. 
— F. Cap: 

How many free parameters have you in your theory? I assume two coupling 
constants and cut-off radius? 

— G. F. CHEW: 
Yes, you are right. 


— F. Cap: 
Does your potential correspond to a core with finite height? 


EG: Pi CHEW: 
Yes. 


— F. Cap: 
I would like to mention, that a similar cut-off has been made by A. MARCH, 
Innsbruck, who was first to propose an elementary length. 
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A Relation between S and P Waves in Meson-Nucleon 
Scattering and Photo-Meson Production. 


F. E._ Low 
University of Illinois - Urbana, Ill. 


In addition to the usual invariance restrictions on S-matrix elements one 
may consider the effect of the crossing relation of GELL-MANN and GoLp- 
BERGER [1]. This imposes connections between P and S wave matrix-elements, 
just as in the static theory it imposes relations between the different P-wave 
matrix elements [2]. We consider only the corrections to the Born approx- 
imation. These have the property of being analytic functions of the boson 
4-momenta in the neighborhood of the origin, so that we may expand in po- 
wers of the invariant arguments 7,°q,, P1°4%;) 93, ete. 

We write for the S-wave correction to the Born approximation meson 
nucleon scattering matrix-element 7, and for the P-wave 7,. We find: 


| a 
Ps = iA joe EC ee i risata 
| 5 Ò + [ti | u B 
(1) | MEZ 0ij;Qo°qQia+ kar Ti]io- qo /\q,o— 
f 4 B 
| "Fa Ò,;jj0 - Qo AQ Ai? ie | Cie, Bal om? Gi Os Hi ees 


The P-wave terms multiplied by the coefficients A and B are not allowed 
by the static meson theory [2]. We can therefore estimate the maximum 
accuracy of the static theory by taking A and B from the S-wave measure- 
ments. We find that the A and B terms only contribute w/2M times the 
P-wave Born approximation, and are therefore no threat to the static theory. 
That this is so is of course because the S-wave correction terms are exper- 
imentally small. 

In the case of photo-meson production we make use of gauge and rela- 
tivistic invariance as well as the crossing theorem (which in this case connects 
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meson emission and absorption matrix elements) and time-reversal. We find 
again for the corrections to the Born approximation (H, is the S-wave, H, the 
P-wave amplitude) for production of a j-th meson of 4-momentum (q, ©) 


= T° CWC, + 0530 ° 000, 


S 


mR 
I 


(isa ts} A4o-gA{(k/ e) = iqg-e\k[B,t, ae B.0;3] un 
o:qg/\(k/0) 


2m 


P 


[tr + Ò;g02] - 


| 

| 
(2) | 

| I 
Here € is the polarization of the photon, k its momentum. 

Again e, and c, are not allowed by the static the-ry, but experimentally 
are of order of magnitude w/2M compared to the terms kept by that theory. 
We call attention also to the fact that there is no electric quadrupole production 
in this order. 

We will not discuss here the usefulness of an expansion in powers of ©; 
for the case of P-wave meson scattering an extrapolation formula has been 
given by CHEW and the author; in the case of S-wave phenomena the expansion 
should not be bad to begin with. 

In conclusion, we have shown that if there are S-wave corrections to the 
Born approximation (scattering and photo-production) then fairly general 
symmetry principles imply that the static meson theory cannot be exactly 
right to order w/m. An estimate (based on S-wave measurements) shows the 
error thus induced to be small. 
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Dispersion in the Pion-Proton Scattering. 


H. L. ANDERSON, W. C. DAvipon and U. E. KRUSE 
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Recently, GOLDBERGER [1] has derived a dispersion relation by means of 
which the real part of the forward scattering amplitude in the pion-proton 
scattering may be calculated from a knowledge of the total cross-sections 
for positive and negative pions. This relation is the analog for particles with 
mass of the well-known Kramers-Kronig relation [2] for the scattering of 
light by atoms. For scattering in the isotopic spin 3 state, the typical disper- 
sion behavior due to a resonance is found. The real part of the forward scatter- 
ing amplitude changes sign abruptly near 180 MeV. This behaviour has been 
confirmed by studies of the Coulomb interference with the scattering [3]. Be- 
cause of this behavior it is possible to make a rather unique choice of the 
phase shifts. Thus, at 180 MeV [4] the correct choice is of the Fermi type 
with c33 = 989, a =— 119, and «, =— 110°. The influence of the neutron as 
a possible intermediate state of the pion-proton system is quite marked. 
Because of this, the angular distribution measurements may serve for a de- 
termination of the coupling constant of the pion-nucleon interaction. 

The complete report has been submitted to the Physical Review [5]. 
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1. — Introduction. 


Several authors [1] have proposed a treatment of meson-nucleon scattering 
based on the iteration of the two second order processes, (a) and (b) (Fig. 1). 
They have shown that the FEYNMAN two body kernel can be split into two 
parts K,, and K,. K, (Fig. 2) contains only finite processes and obeys a 


+ 3 ; 
Ky 


Bios: ioe. 


a ; db 


given integral equation. K, can be written in terms of a modified propa- 
gator he — ee > K,) and two vertex parts I, and I’, (Fig. 3). These 
quantities can be formally deduced from K,. They can be renormalized by 
Salam’s method, but Lévy has shown that it is also possible to write directly 
an integral equation for the finite vertex parts [2]. 

We first report a calculation of S-phase shifts made by Lévy following 
these general lines [3]. But this treatment cannot be very satisfactory, at 
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S| 


least at very low energies, since the 

S processes taken into account do not 

satisfy the Gell-Mann-Goldberger sym- 

(re) metry requirements. This is the second 
point we shall examine. 


2. — Lévy’s calculation of S phase 
shifts. 


The first task is to solve the in- 


tegral equation for D,: 
Ii Ih 5 (e) ®,(p, P)=(22)*D(P+%k, — k) (p—k) — 
iG? 
¢ — —— T,K,y(p + P)Ky(— p)y;° 
Ka Gf et 
Fig. ae a |P Ne p A D')ysPr(p'; P) : 


The integral equation is solved by rerlacing the kernel. y;K,(P+p+p')y; by 
K ,(—p—P) K,(— P) K,(— P— p’), an approximation which is good when either 
p or p' is small compared to the total energy-momentum, In S-wave cal- 
culation the error is expected to be of order (@/M)?, where © is the meson 
energy. 

The calculation of A, is simplified by the renormalization prescriptions 
for the vertex: 


PD, PI) 
Tela: Po) i 


l'alP3 p') = 

where in BE iy 
Se I) are en 
ea , 

(Por Po) 
which permit to write 1 instead of /°,, and J’, since initial and final states are 
free states. The calculations of & makes use of the above approximation made 
in the derivation of ®,; its renormalization procedure is adapted to the so- 
lution: X is expanded in powers of G?/47, renormalized by Salam’s method 
and resummed in closed form. 

The agreement of the calculation with the experiment is excellent for G2/4a 
of order 4. However, as pointed out by Livy, the preceding treatment violates 
the symmetry theorem of Gell-Mann and Goldberger. Indeed, in the limit 
(4/M) > 0, k +0, (a— &)/k remains important (if G?/47 is not too small). 
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3. Symmetrization of the scattering processes. 


In order to obtain a result satisfying the symmetry theorem we exchange 

initial and final meson lines in every process in the series K, and A,. This 
gives new series K, and K, 
(Fig. 4). It must be noted 
that in the sum A,+ K, + 
+ Ki + K, zero and second 
order processes appear twice 
and must be conveniently sub- 
tracted. 

K, obeys an equation which 
is readily obtained by use of 
the equality:  K,(12|34) = 
= Ki'(14|32), but it is not pos- 
sible to write an integral equa- saran 


tion for the wave function it- Kb 


self. In mementum space, put- 


9 ; Fig. 4. 
ting [7 = pi ps, we obtain ‘ 


Kyi(II + pay Pa; Pas i (27)20CH + pa Pz) (Pa — Pa)Kx(P3) E (Pe) si 


1 G a Tie 


aye oe ps) KB (ps) | EH pa — p) KET + By Pai Pas P) AD - 


Here /7 plays the same role as P in the integral equation for ®,. The 
equation is made separable by the substitution 


IGA II—p,—p)> TA II pa DE: IT— p,) . 


This approximation is good when either p or pi is small before the diffe- 
rence between the final nucleon 4-momentum and the initial meson 4-mo- 
mentum, so that here again the error is of order (©/M)?. K, is then obtained 
by solving a very simple system of algebraic equations. The corresponding 
wave function is given by 


Di.(p, P) = (21) d(p — Oi (2. =. ks — k) — 
—iG2K,(P + p)Kx(- P_p)Kx(_ pEr (1): 


tit, — 2d:s(11) K;(- P—)®,,(P + %,—*), 
ie 14x Qj — (@2/42)QUD)| 4 a 


where 


i 


QUI) = ta CE IEEE SIE p)Kx11)dtp . 
IT 
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The wave function corresponding to K, (see Fig. 5) can be obtained from 
the modified propagator and the renormalized vertex parts: 


D.:(p, P)=— iG*r,t,K,(P +p)Ey-P)T;(P+p, IL) 
-K\(--I)D,I,P+k)D,(P+kT_k). 


N 

We now need the expression of the 
renormalized vertex parts. For this 
purpose we write integral equations 
for T;-and for I}. These equations are 
solved approximately, and their solu- 
tion is renormalized in the same way 
as X in Sect. 2. Putting 


162 = Tol” ’ tp = Try ’ 
we obtain 
G eR) ok] a 
«(PP i) vil : == AC I> 
IP, P +p) ni GO FH Pal P — 2) 
ae FE?) 


T#P+ p, P) =1 Kopp 


4x 1 — (G2/422)Q(P)’ 
where 
if 
vi D 
P 2 = —: o — wy 
CE?) i | oe D, dx 
0 

D = Pa(1— &) + Me 4+ w(1—2), 

Do = D(— M?). 
Hence 


IP; P+p) =™%P+p, P) =1 


when P is a free nucleon 4-momentum. 

For the sake of consistency these vertex parts must be used in the cal- 
culation of XK, as well as in the calculation of Kj. The expression of (tg a), 
is therefore deeply modified, since the the renormalization prescriptions are 
completely different from those used in Sect. 2. Besides, these new pre- 
scriptions seem to be more consistent with the renormalization of Y. 

Finally from the asymptotie form of the wave function we obtain the 
phase shifts, 


te a = (tg a)a + (tg 2), + (bg aa + (18 o),— (68 O)apom — (tE Man « 
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Their expressions are given in the appendix. If (tg x), and (tg «), are rela- 
tively simple, (tg «), and (tga), are obtained by averaging a complicated 
funetion of the angle between initial and final meson. But, in the limit 
k +0, since JJ = P+p+%k becomes the 4 vector (0,0, 0, i(M— pw), this 
complication disappears. Explicit expressions of tg « and tg x at zero energy 
are given in the appendix, in terms of six quantities: 


A(M+u), A(M@—p), 4.(M@+p), A(M— u), FA (M+p)), B (M— p)). 


4. — Preliminary results. Discussion. 


41. Zero energy limit. 
a) We first verify that in the limit u>0, (tg a, — tg a,)/k > 0: this 
is easily seen if one notices that in this case: 
A,(M + p) = A,(M — p) = A,(M) 


hK({M+p)=h (M—p)=h (M) 
and 


F(—(M—p)*) = F(-(M + p)) = 9. 


We can check our result to a certain extent by developing our expres- 
sions up to fourth order and comparing them with those given by H. W. WYLD 
(Thesis) (*). We obtain 


72k uw |. G? Li 
POTE SA ‘10.75 — 0.48 
mA 4n pp M | ‘O da ie 
G2 k ul CRESTE 
= = 0.94 —— 0.58]. 
du 4x yu M | 470 J 
WYLD gives 
Eek pw | re 
oe eed eee pe 0.25 
i 4 pu M Az ; 
Gk 7 | G!2 | 
—__—_ — —_|0.94 — —— 0.40]. 
ee sa uw M | dr — | 


Since our renormalization prescription does not coincide with WyLp’s one, 


the discrepancy in the fourth order terms is natural. Taking 


G2 G2 G? 
= do ac 
7 i x”. = 7 


(*) It can be seen that we take into account the same terms up to 4th order. 
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we transform Wyld’s solutions into 


MARA cei 
4n u M 4a 
G2 ” G2 

gp Ee ee 
4a u M. 47 


which is not too strongly different from our result. 


b) Variation of k> tg a,, k1 tg x with-G*/4x. — We first notice that the 
apparent resonance of (tga), and (tga), when (G?/42)4,(M-+p) =1 and 
(G2/42x) A,(M — w) = 1 respectively, are exactly cancelled by corresponding re- 
sonances of (tg «), and (tg «),,. But resonances exist for 1+(G?/47)4,(M+u)=0 
(G*/4x = 7.01) and 1 + (G@?/4s) A,(M — pw) = 90, (G?/4a = 9.01). 

We have plotted 


tg x e tg Os 
(k/2M)(G?/42) (k/2.M)(G?/4x) 


Agreement with signs of the experimental phase shifts is only obtained by 
the domain 9< G?/4m < 17. 


42. Higher energies. — In order to test the approximation we have first 
verified that up to energies c-rresponging to k = 2u, the quantities 


(te 2), (tg a), (tg a&)a’ (tg 2), 
— and ___, — and ; 
vada Gin palin CGB 


tend to the same limit when G?/47 + 0, with an error smaller than two percent. 
Cancellation of the resonances of (tg x), and (tg «),, still exists. 
We have calculated the phase shifts: 


a) For G?/4x = 4, near the value proposed by Lévy, with a meson 


energy ~ 35 MeV, for a change in the signs at very low energy could not be 
a priori excluded. We obtained: 


tg o, = 0.0601 , 
tg a = 0.1631 . 
The discrepancy is confirmed. 


b) For G?/4 = 16, in the region where the phase shifts have the exper- 
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imental signs. Unfortunately (Fig. 6) both the magni- 
tude and the energy dependance are completely wrong. 
Hence the only encouraging feature of the present 
calculation is that there exists a coupling constant giv- 
ing the right signs, and that its value is of the order ! 
of that proposed by BETHE et al. in the Tamm-Dan- o 
coff treatment of meson nucleon scattering. Besides 
we should keep in mind that the selection of higher 


order scattering processes is somewhat arbitrary, and 
that mesonmeson interaction is not taken into ac- 
count. A more detailed account of the calculation will 


be published Jater. Fig. 6. 


I wish to thank Professor M. Livy for suggesting this problem and guidance 
n the calculations. 


APPENDIX 


1) General expression of the phase shifts 


G Tr E + M 4 Ne ie MRS 0) RE I 
Be te = oe 26, 4n 2H, 1—(G?/4n)A(Po) 


1 1 ee Pree F(P2) | 
"1+ (@/4n)4.(P.) Po + M | sn 2M 1—=(G4mA,(Po)l' 
Gk (M+ PE + M) nae ay 
Boo 4, OM 4EyP, 1 + (G?/4x)T,A,(Po) 


1 s 
M+ P,(ada[_ P(1— x) + M] 
A,(Po) = Ge | D(a, P?) ’ 


ry 
and 


G2 FP) 
t dn = (@/4m)A,(Pr) 


Ao, Uto 


50 — Supplemento al Nuovo Cimento. 
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3h(Py) being the Brueckner Gell-Mann Goldberger damping. 


= +3 T, =—1 in isotopic spin state }, 
0 + 2 ) » 3, 
GE k fis i) 
o 7, == == y + CS) Ds TT ——_—_—__*' 
(tg a)a An Ly, 92M Sy Ux Ù E P) I M}I}(P "o i p ome iyll aL M 
1 


1 + 3(G?/42){ (17) + (G*/42)-F(IT?)/[1 — (62/40) QUD) 


ma utt II + M}: 


t = 
(tg <h ATG 2 ee 


? 


; Ta eee (11) A Ur. x 
PST (Coren IT) — (G2/4x)QUT) 2M / 


u, and u, are normalized spinors with the same spin. 
Q(II) has been defined 


1 


M? foX(1—e2)de (I + Myf . a 
HUT) = : + va ; OA 
(ff) De | Di fe Ji ivII(1-- x) + M] log im ‘ 
0 
ii=P+p +k, where p, =k, =— o, 
[P| =|, 


and the bracket means: average over the angle (p, k). 


2) Zero energy limit 


Ph oe Ma | 1 a 

di 2M 4x| 2(M+ p)|1— (G°/4m)A4(M+ p) p+ 

| aaa 3 — 2(G?/42)A,(M — u) | 
 2(M+ mw) [1+ 2(42/42)A aie G?/42)A,(M — p)] 5 


! 2 ea: a G? SET IRSA 1 
(2M + u)(M+p) 4n 2M —(G?/47)A,(M+p)| 1 + ( (G?/47) A or 


G-2M-u FL-(M—yp)| | 1 
) 


5 1 
(M+ u)(2M— u) | in 2M 1— (@/40)A,(M — p)| 1 + (42/42) A,(M — 
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ia k G(2M+%, 1 I 
= wl 2 SA ee 
2M 4x |2(M+ u) |1 + 2(G?/42)A,( M+ pw) 
2M — p 2(G?/472)A,( M — u) : 
I 


2(M+ p) [1 + 2(G?/42)A,(M — u)}1 — (42/40) A,(M — u)] 
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In the following we present a formula for the description of the photo- 
mesonie effect, which is essentially based on perturbation theory and which 
in the approximation m = co (m = nucleon mass) is in reasonable agreement 
with experiment, 

The basic idea is the recognition of the necessity to include both final state 
correction (in the 33-state) and anomalous magnetic moment interaction into 
an adequate description of photomesic phenomena. We assume that K, 
is the operator of photomeson production as determined by means of per- 
turbation theory and including the anomalous magnetic moment term. (The 
anomalous magnetic moment is defined by putting the magnetic moment w 
of the nucleon = yp, + f2T;; 2, is then the anomalots magnetic moment in 
the sense in which we are going to use it). For the sake of comparison with 
the theory of CHEW and Low [1] we consider only the lowest terms in a 1/m 
expansion. We then maintain that instead of A, one should compare 


(1) i= Ky di (S — 1) P33Ko 


with experiment. In (1) Ps; is the projection operator which, when applied 
to Ay, filters out the pss-component and S (in the representation of good 
variables) is a complex number, which ecrrects for the deformation of the 
meson wave near the nucleus. Assuming short range forces of range R, 
S = lim p*(r)/p*(r) (where y(r) is the wave function of a physical meson y,(7) 


>) 


its Born-approximation both normalized in such a way that their outgoing 
parts coincide), is estimated to be 


(2) d= (pR)? exp. Hagen 
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SEL 433 is the scattering phase and p is the meson momentum in rational 
mnie (=e == 1): 


Equation (1) gives for the scattering amplitude 


i MALI a Gee (CHP) aS 
(3) dit = 3 {tate — T41 ) (ci : “i =. I 200) + ira (030, — 0103) + 
| 3 


= 


q 


(6 —1)(t,a3 — taf + 2iaz)(Dosv, + Fo,v, 4- ide} ; 


“HW 


where x is a constant, k is the momentum of the incident photon, t; are the 
isotopie spin operators, af and a; the creation and destruction operators for 


n 


| |P 6=90C.M 


Roca 


e mesons 


= o I/linois (counters) 
o Illinois (plates) 

¢ //linois-Rome (pell.) 
* Cornell (counters) 


ie Ey (lab.) MeV 
so i ead ee ze: 
220 230 240 250 260 270 280 


od —__ 
150 160 170 180 190 200 210 


IRE 


the mesons, v is the velocity of the emergent meson in the zero momentum 
system, the photon has been assumed to move along the z-axis, and to be 
polarized along the a-axis, # is defined as p.k/m, and D, F and G are defined by 


(4) Dee Da BS SO ELLI + Ae. 


C= O(v) is given by 


Bp ak Le es 
v ot = 08; ; 


a 


3 
(5) | Cie) = 


It behaves like 02/5 for small v and approaches the value + in the extreme 
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relativistic limit (very reluctantly). The first term in the curly bracket of (3) 
corresponds to the perturbation amplitude for the production of charged me- 
sons, the second to the perturbation amplitude for neutral mesons; the last 
term is the scattering term. 

The main shortcomings of a perturbation theory which does not take account 
of the magnetic moment interaction and of final state corrections are the 
following: 


1) The ratio x°/x+ comes out wrong, namely 0. 


2) The angular distribution of the 7+ at moderately high energies is 
not in agreement with experimental evidence. 


The introduction of the magnetic moment term makes one understand at 
least part of the x°-intensity, but 


aes gives a wrong angular distribution 
Total cross section o,x10~~ cm°(C.M.) = x 
for these mesons, namely 1 + cos? 0, 
instead of the observed e + sin? 0 
[2] (« <1) suggested by experi- 
1 ment. 
Neutra T | 
ie aX 10° cm at Ey=200 MeV 
150) To 15 
Positive mesons 
100 10 
50 tan 
e MIT (plates) o Cornell 
© Illinois (counters) : Bere 
4 E, lab. (MeV) Se DE 
at ee n 9c.m. 
150 200 250 300 “0° 45° 90° 135° 180° 
mo Bs Fig. 3 


The introduction of the final state correction alone (i.e. without the Pauli 
IRIS | RR ee 5 Sie : 
term) gives a reasonable x°/x+ ratio namely 4 in the limit S + cop 1.6, for a 
strong nucleon meson interaction. The total cross-sections for m+ and T°-pro- | 
duction can be fitted satisfactorily, but the angular distribution for positive 


mesons comes out qualitatively wrong: as one can see from equation (3) the 
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sign of the interference term is determined by F; for x = 0, i.e. neglecting 
the anomalous magnetic moment effect, F varies between 1 at low energies 
to 0 at high energies. The interference term is therefore always positive in 
contrast to observation (there is a small anisotropy of the form sin? 0 cos? 0 
due to the meson current term, which has the right sign, but which does not 
by itself lead to agreement with experiment). 

The inclusion of the magnetic moment term nearly solves this difficulty, 
as we can see from Figs. 3, 4, 5 representing the angular distributions at res- 
pectively 200, 235 and 265 MeV (the curves shown correspond to = .66 
and j: = .075; in the evaluation of the cross-sections account has been taken 
of the kinematic effects of nucleon recoil). The agreement at 265 MeV is not 
very good, but this may be excused since at this energy recoil effects will 
almost certainly enter into play. 

The agreement represented in the figures has to be accepted with very 
great caution, for we know that near the threshold the x~/x* ratio is very 
different from the value predicted by perturbation theory in the limit m= co. 
It would therefore strike 18 as surprising, if up to 250 MeV this would be the 
only discrepancy introduced by the neglect of recoil terms. 

The expressions presented here are based essentially on the ideas of 
CÒew. One of the details by which (3) differs from CHEW’s published 
result [1] is the fact that we have 


the final state correction term pro- 4 
portional to S—1 and that since S (92), 4#10°%cm? at Ey(lab.)=265 MeV 

it at most 3 the 1 should not be | È 4 i 4 
neglected. We find another sim- | 

plified version of Chew’s theory in Pa ele 


the report on the Rochester confe- 


(DM x 10°9cm® at Ey(lab)=235 MeV i 
«l 


eat 


10 
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yy 
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rence [2]. As far as we can judge from this report the form of the matrix ele- 
ment is one, which we would obtain, by neglecting all the terms except @ in 


1001 


-10.0 S| eT 


Fig. 6. 


equations (4). This gives a radically 
different behaviour and in particular 
a very strong asymmetry, which we 
have not been able to reproduce in 
our theory with any reasonable choice 
of parameters. We are grateful to Dr. 
CHEW and Dr. Low for the following 
explanation of the preponderance of 
the x-tems in their theory: it is due 
to the fact that in their theory ws 
should be replaced by (fo/f)u2 where fp 
is the unrenormalized coupling-con- 
stant. 

A final remark concerns the chan- 
ces of an analysis along the lines in- 
dicated in WATSON’s paper. In Wat- 
son’s type of phenomenological theory 
it becomes a necessity to assume that 
the coefficients in the expressions for 


the photoproduction amplitudes are slowly varying functions of energy. It 
seems that such can hardly be assumed to be the case, as we see by con- 
sidering the behaviour of the interference term F shown in Fig. 6. 
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In quantum electrodynamics which deals with the interaction of electrons 
and photons, the renormalization theory founded by TOMONAGA and SCHWINGER 
has obtained a wonderful success in explaining some detailed experimental results 
such as the Lamb-shift and the anomalous magnetic moment of the electron. 
Since it is established on the grounds of various experiments and general 
theoretical considerationsthat, independent of the detailed character of the coupl- 
ing of pions to nucleons, pions are described in terms of a pseudoscalar field, it 
is quite natural to assume the coupling to be of the renormalizable pseudoscalar 
type for the theoretical calculation of various meson phenomena, Unfortu- 
nately, however, it has turned out that the second order Born approximation 
cannot explain any of these phenomena even qualitatively. Then, many 
authors have performed higher order calculations and have obtained reasonable 
results in some respects; especially, BETHE and Dyson have succeeded in 
explaining rather small S-phase shifts and the resonance in the T= 3, J= 4 
state in the covariant Tamm-Dancoff approximation. It has become clear, 
however, that any theoretical predictions based on the covariant weak coupling 
theory will drastically be modified, if one improves the approximation method 
by taking into account some higher order Feynman diagrams discarded in 
the calculation. For instance, WYLD has shown that in the pion-nucleon 
scattering the reducible diagrams which are neglected in the Bethe-Dyson 
treatment are rather effective compared with the irreducible ones. This situa- 
tion is also seen in the 4th crder calculation of the anomalous magnetic moment, 
which has been done by K. NAKABAYASHI and I. Sato. It seems that since 
all the diagrams of any type and of any higher order would contribute to the 
matrix element at least in the same amount, there may be no consistent approx- 


imation methods. 
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Now, on the other hand, the static, non-relativistic theory with cut-off 
has succeeded in explaining various meson phenomena qualitatively and some- 
what quantitatively, as shown by CHEW and others and also by Japanese 
physicists. Moreover, one can find out a consistent approximation method in 
this case, i.e. the renormalized coupling constant becomes quite small compared 
with the original one, and after the renormalization the contribution of many- 
meson configurations may be neglected. 

The purpose of my comment is first to show that the non-relativistic cut-off 
theory will have almost nothing to do with the covariant renormalization 
theory, insofar as the weak coupling approximation is concerned, 

To this end, we have analysed the high frequency components and the pair 
effects in the covariant calculation, after the mass and charge renormalization 
has been performed. First, I want to mention the work of S. Goro [1] con- 
cerning the anomalous magnetic moment of the nucleon. These moments are 
given as follows: 


LURATE 

App | E 2 =) Ju) ’ 
il (GE 

Aly Pa Ix=du); 


where J, and J, denote the contribution of nucleon and meson current, res- 
pectively. They are written as integrals in the momentum of the virtual pion 
as follows: 


pa i = k\ dk (+) ©) 
Jy = JET) Fy = Fy + Fx ? 
0 
; k\dk 
Tu ={F(t) 57° Fy = Fy? + Fy’, 


0 


where the indices (4) and (—) refer to the contribution of no-pair and pair 
processes, respectively. In Fig. 1 the momentum dependence of these integ- 


Fig. 1. — (a) Nucleon current. (b) Meson Current. 
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rands are given. As is clearly seen from these figures, the contribution of 
high frequency components and pair effects is very large even at energies higher 
than the nucleon mass, especially as regards the nucleon current. In the usual 
calculation we have 


Ai, = 0-52; An, =—3.9, | Aup/Auy! = 0.13 , G?/4 = 15. 
Now, if one cuts off the contributions higher than M artificially, one obtains 


Ap, = 9.61, An == 1.9), | Aup/Auy| = 0.32, 
rather in good agreement with experiment. In the case of the anomalous 
magnetic moment of the electron, the contribution of virtual photon momenta 
larger than the mass of the electron is shown to be only 10%. This is the 
reason why the cut-off 
method gives almost the 


433 (degrees) 


2 


same result as the covar- G 
an’ Kmax=54M 


iant theory in quantum 130 
electrodynamics. This is 120 FTA 
a very important point so 
worth mentioning. she 
Next, I want to ment- 

ion the analysis of the o 

ES 26° (Palle Kmax=2M ) 
Bethe-Dyson approx1m- Ye RS 
ation by M. YAMAZAKI, 
applying the cut-off meth- 
od. Results are shown in 
Fig. 2. If one cuts the 40 
theory off at 2M, then the 30 


(Bethe — Dyson without cut off) 


(Ce Perak ) 


x Crab, ) 
Bethe-Dyson calculation 20 recoil 
is almost unchanged at Te 
10 recoil 


low energy, while if one 


cuts off at M, it is con- 0.5 1.0 15 2.0 
siderably modified. Also Ne Bethe-Dyson method with cut-off. Pair and recoil 


it is clearly seen that the effects are examined separately. 


pair and recoil effects play 
an important role in the covariant theory even at low energy; the curve (no 
pair, no recoil) corresponding to the usual non-relativistic pseudovector coupl- 
ing theory. 

The results stated here indicate clearly that, first, the contribution of 
large momentum transfer and pair formation is very large and, second, the 
static approximation is very far from the covariant renormalization theory 
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even as regards the low energy processes. It seems that the coupling of pions 
to nucleons is not so strong as is expected from the perturbation theoretic 
calculation. The reason why such a strongly coupled theory as the pseudo- 
scalar is actually not so strong is quite open to question at this stage, but I 
think that this would have to be sought rather in the radical reform of quantum 
field theory than in the present renormalization theory. It should be noted 
that the large contribution of high momentum components means that the 
meson theory could not be considered as « closed » even approximately in the 
sense that pion phenomena should not be treated by themselves, because the 
hyperons and heavy mesons may play an important role through virtual states 
even at low energy, in case the matrix elements for large momentum transfer 
are so strong. The cut-off procedure as discussed by CHEW and also by the 
Japanese physicists is considered to make the theory approximately closed, 
insofar as the low energy process is concerned. 

If one wants to search for the high frequency damping in the present co- 
variant theory, one will be obliged to assume that only some subsets of Feyn- 
man diagrams have physical significance, and / or that some of the high frequency 
components, which remain very effective after the renormalization has been 
performed, will play a role of only modifying the properties, other than 
the mass and charge, of the nucleons and pions. These assumptions will lead 
one necessarily to adopt the non-linear and non-local field theory. It should 
be noted that the renormalization theory is to reinterpret some of the high fre- 
quency interactions as modifying the properties of some physical quantities, 
i.e. mass and charge. Further subtraction of high frequency components will 
drastically alter the properties of nucleons and pions, though its physical con- 
sequence is not clear at present. The fact that the result of calculation depends 
rather strongly on the cut-off momentum contrary to quantum-electrodynamics 
seems to show that the cut-off hypothesis has a profound physical significance. 

In this connection, I want to mention the latest work of K. SAWADA con- 
cerning the generalization of renormalization the-ry. First, it should be noted 
that all quantities, e.g. scattering phase shifts 6(k), are given as a divergent 
function of bare mass and charge as follows: 


O(k) = f(m, g, k), 


but if we use the observable mass m* and charge g* instead of m and g, this 
relation transforms into the finite one 


O(k) = P(m*, g*, k) , 


in the renormalization theory. When one chooses, say, two phase shifts Ò(k.) 
and d(k,) so as to be renormalized, then one has also the finite relation 


d(k) = G(d(Ky), O(a), I) . 
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On this standpoint, one might calculate the mass difference of the proton and 
neutron. To be more precise, I want to take up Lee’s model which Prof. PAULI 
referred a few days ago. The Hamiltonian is given as 


H=m,a*a, + m,a*a,y + > 0,070, +9 > V(ata,0, + 4,0507") , 


t ue 8 Som 


where VW, is taken as 


by LEE, but here we assume it to be of more general type. The eigen-value 
equation of the system (VzN + 0) is given as 


: il 
B99? > Vi =(. 
one My I 


Denoting the eigen-values as #;, Es, ..., one easily obtains the following r-e 
lations in a successive way: 


A 1 . 
vpi —__—— ee RI AVIO 
Ll 


Tl: — my — @,)(E — my — @,) 
i=1 


In the case of scalar coupling, this relation is already finite by choosing n= 2. 
Tf on assumes, say, E, and E, as the renormalized quantities, then all other 
eigen-values become finite. Instead, if one takes up the calculated mass ms 
and one phase shift 6(/,) at some specified energy as the renormalized quan- 
tities, one can easily get finite phase shifts at arbitrary energies as a function 
of these two quantities. It’s pretty obvious that the observed mass can be 
calculated, in case the two phase shifts are prescribed. 

Now in the case of derivative coupling V; = (20,2)? one has only to 


take n = 4 in order to make the relation between observable quantities finite: 
+ 


E; ni F(E,, E, E;, E) . 


Taking the limit 2 + co, one can easily obtain a similar relation for the 
phase shifts, but I do not want to go into any detail here. To speak mathe- 
matically, E,, E:, E; and E, are not independent, but their functional relation 
is divergent, so one need not care for this dependency. This study is only 
provisional at present, but I think this finite relation in the case of derivative 
coupling seems to show how to develop the present renormalization theory. 


: < Re 6 
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In constructing the non-adiabatic potential in field theory, one usually 
proceeds as follows. First, the state vector y, which satisfies the Schrodinger 
equation 


(E, 3A HT = HIER 


is analyzed into W'+Y*, where YW? represents the pure, say, two-nucleon state 
not accompanied by virtual pions and ‘è is orthogonal with the pure state. 
Then, eliminating the latter component under appropriate boundary conditions, 
one is immediately led to the following equation for YW? 


(E— Hy) =o. 


Here, v, is usually called the non-adiabatic or Tamm-Dancoff potential, but 
this does not correspond at all to the conventional concept of potential which 
has been used in the scattering problem for the following reasons. It is de- 
pendent on the energy or the particular state of the system, and so cannot 
be taken as an operator in the Hilbert space. One usually defines the non- 
adiabatic potential operator v from this v, as follows 


Les, 1 
(LE 
because Y's for various «’s will form a complete set in the two-nucleon sub- 
space. vis obtained from vo, by expressing H, in terms of H, and H. But this 
vis not an Hermitian operator in general, and so various ¥/’s cannot be ortho- 
gonal. In addition, they are not normalized to unity, namely 


Aged cease 
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One can, however, get the Hermitian potential V and the orthogonal set 
Ha Ò % 
XS by applying some transformation P: 


MOR, eV (xa %) = On 


I do not want to go into any detail of the property of this transformation, 
because it was already published in Prog. Theor. Phys. (12, 156, (1954)) by 
myself, SAwADA and TAKETANI; I will only give the result here. The poten- 
tial V in the static limit (by static limit I mean that the kinetic energy of 
the nucleons contained in V is put equal to zero) is given as follows: 


vie E b) 


where P, is called the probability operator, whose expectation value gives the 
probability of the two-nucleon system to be bare, i.e. not accompanied by 
virtual pions, and V,, is called the normal part which is identical with the 
Tamm-Dancoff potential up to fourth order with £, put equal to zero. I just 
want to note that Klein’s treatment of potential is similar to ours, but not 
identical; his potential is not Hermitian in general. 

Now, if one expands V in the coupling constant g, one gets the potential 
derived by the canonical transformation or the S-matrix. This potential we 
may call the T.M.O. potential, because TAKETANI, MACHIDA and OHNUMA 
have first investigated it in greater detail in early 1952, using the non-rela- 
tivistic pseudovector coupling. If one expands V,, and sets P, equal to one, 
one gets the potential discussed by BRUECKNER and WATSON in 1953. Since 
the latter potential (B.W.) turns out to be almost identical with the T.M.O.’s 
except in the triplet-even state, one may call it the modified T.M.O. potential. 
As is well known, all low energy experimental data related to nuclear forces 
can be explained by using this potential, though the inside region (r < 0.5 1/p) 
should be treated phenomenologically, hard core or something like that being 
introduced. There have been no powerful methods in treating the inner region 
on account of various complicated effects, such as non-static effects, large 
higher order contributions, intervention of heavy mesons, and so on. It is 
expected, however, that in the outside region the non-relativistic meson theory 
can be applied consistently. This standpoint was first proposed by Te 
in 1950, and seems to be justified by recent theoretical and experimental 
investigations. 

First, I want to talk about the effect of the probability operator P,. It 
is divergent even in the renormalizable field theory, and I think that one Suona 
necessarily have recourse to the cut-off hypothesis in order to make a consistent 
analysis of nuclear forces. In the case of neutral scalar meson theory, one can 
obtain the correct answer if one expands V,, in the coupling constant up to 
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fourth order and 1/P, to second order, s0 it seems natural to make the similar 
approximation also in the pseudoscalar theory. It turn out that the T.M.O. 
potential remains almost unchanged in the region r > 0.8 1/u except in the 
triplet-even state; in this state the potential becomes considerably smaller 
even in the outside region. In any case, the critical radius 7, ~ 0.5 1/u, inside 
of which one should treat the problem phenomenologically, seems to be shifted 
towards the larger value (may be 7,~ 0.7 or 0.8 1/y), if one takes into account 
the dissociation probability. 

Next, turning to the higher order contributions, S. MAcHIDA and K. SEMBA 
have recently completed their elaborate calculation of six-th order effects of 
the normal part V,,, neglecting all renormalization terms. They have found 
out that these effects are only appreciable in the inside region (r < 0.6~ 0.7 1/u), 
and so it will be sufficient to use the second plus fourth order static potential 
for the interpretation. of low energy phenomena. It seems to be characteristic 
of the pseudovector coupling that there may exist a critical distance outside 
of which the perturbation expansion is convergent or asymptotically so and 
inside of which it is divergent, since the interaction Hamiltonian includes a 
constant of the dimension of length. It should be noted that this conclusion 
does hold only in case the pair coupling is strongly damped as suggested by 
WENTZEL. 

Lastly, I should like to mention the recent work of S. OTsUKI and R. 
TAMAGAKI on the analysis of triplet P-wave phase-shift, dì, J=0,1,2 being 
the total angular momentum, From the low energy p-p scattering experiment, 
one can obtain the average P-phase shift A: 


A =4(6, + 36; + 56). 


The latest and the most accurate experiment has been done at Wisconsin, 
according to which 


A... = — 0.1099 + 0.0209 at. 3.899 MeV. 


exp 


All existing phenomenological potentials, such as CHRISTIAN-NOYES, J ASTROW, 
and PAIS-CASE potentials, give positive or too small values for A in disagree- 
ment with experiment. It is to be noted that the hard core of radius 0.4 1/u 
contribute to A only — 0.033°. 

Now, if one uses only the second order central and tensor forces, setting 
them all to be zero in the region r <1, one obtains the result A = — 0.1660 


(g?/4% being chosen to be 0.08). Adopting the T.M.O. or the B.W. potential 
up to r = 0.6 1/u with zero cut-off, one obtains the result 


Ago = 0189 4. Agg —0189 (gi 009 
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These values are altered by 20 or 30%, by changing the potentials in the 
inside region; centrifugal force is rather effective in this region. A, will 
become somewhat smaller, if one takes into the dissociation probability. 

This remarkable agreement of theory with experiment seems to show defi- 
nitely that the present meson theory has its reliability in quantitative aspects 
at least at low energy. 
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The pion-nucleon interaction has been investigated by many authors from 
various points of view, and its characteristic features have been clarified to 
a considerable extent, insofar as the low energy processes are concerned. There 
are, however, some important problems to be solved in connection with the 
electro-magnetic interaction, especially the anomalous magnetic moment of 
the nucleon. As is well known, the second order perturbation theoretic cal- 
culation of the magnetic moment is quite in disagreement with experiment, 
on account of the large contribution of nucleon current. It seems that higher 
order calculations have not essentially improved this situation; this is due to 
the fact that the contribution of large momentum transfer and pair formation 
is very large in the covariant pseudoscalar theory. 

The Damm-Dancoff method and the intermediate coupling theory in the 
static approximation have been applied in order to take into account the 
effects of field reaction, but the contribution of the nucleon current is still very 
large; the sum of two magnetic moments u, +4, becomes very small compared 
with one, if one chooses the cut-off momentum and the coupling constant so 
as to give the values 4, and w, the correct order of magnitude. In this con- 
nection S. Iso has shown that this discrepancy may be overcome, if one takes 
into account the nucleon recoil and pair effects in the phenomenological treat- 
ment as done by Sacks. I do not understand the physical reason why CHEW 
has entirely discarded in his calculation the effect of nucleon current, because 
the contribution of the normal Pauli magnetic moment will be changed ac- 
cording as the nucleon is in the proton or in the neutron state. 

Now, in the statie limit in which the recoil of the nucleon is completely 
neglected, it is quite impossible to extract the true anomalous magnetic mo- 
ment from the calculated, apparent magnetic moment, because it includes 
necessarily the change of the electric charge which is to be renormalized. In 
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order to get the correct magnetic moment, we should always take into account 
the recoil of the nucleon, and proceed just as we have done as regards the 
separation of the normal and anomalous magnetic moments in the relativistic 
calculation. 

To be more precise, let e, and 4, be the charge and the anomalous mag- 
netic moment of the bare nucleon while e and 4 are those of the physical nu- 
cleon, respectively. According to the spirit of the renormalization theory, one 
has no anomalous magnetic moment in case e,/e is equal to po/u. Since the 
relation e © holds in the covariant theory omitting the vacuum polarization, 
i.e. putting Z; = 1, the difference u—, gives immediately the anomalous mag- 
netic moment. In the non-covariant theory, however, this relation does not 
always hold in every order of approximation, and hence the situation becomes 
very much complicated. 

In the Pauli approximation, the current of the bare nucleon is composed 
of two parts; one is the convection current and the other is that due to the 
spin of the nucleon. Denoting the current operator in momentum space by 
O®(p' p), it is given by 


0©%(p',p)=3=(p'+ p + iloxA4p])t,  4p=pP_P- 


In case the pion-nucleon interaction comes in play, the nucleon is surrounded 
by virtual pions and the coefficients of these two currents become different 
from the original ones. Just as we have done in the relativistic case, we should 
subtract all the convection current and some of the spin current with the 
same ratio as before the mesonic interaction. Then the rest is to be interpreted 
as due to the true anomalous magnetic moment of the nucleon. As an illus- 
tration, we will consider the neutral meson theory. In this case O, is given as 


0,(p', P) = sap P' | p+iloxAp]),t, + OM Ap,ilo x Ap] ,%, » 


where Au, gives the anomalous magnetic moments of the proton. Thus it 
turns out that the.convection current resulting from the recoil of the nucleon 
plays an essential role even in the non-covariant calculation. This point was 
first clarified by H. HASEGAWA and A. YAMADA. In the usual static approxi- 
mation, the electro-magnetic interaction of the bare nucleon is taken as 


EE 
Bint Sri 2M (6 H)t, n 


Then the same interaction of the physical nucleon is written in the same form 
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with different coefficient, and one can not extract the true anomalous part 


from this expression. 
In the static approximation, as is well known, the relation 


ata =1—$P = 0.88, 


holds, where P, expresses the probability that the virtual pions surrounding 
the nucleon have the total angular momertum L= 1. Usual calculation 
shows that P, must be very large in order to explain the correct order of 
magnitude of 4, or 4, 4, +4, being too small compared with 1. Following 
the above stated ideas, HASEGAWA and YAMADA have performed their calcu- 
lation using the pseudoscalar theory with pseudovector coupling in the Tomo- 
naga intermediate coupling approximation. They started from the Hamil- 
tonian which is obtained by the Jost transformation, retaining terms up to 
the order 1/M and calculated the current up to the same order consistently. 

I do not want to go into any details of their calculation but shall only state 
the result. After the separation of the normal part, they have the anomalous 
magnetic moment 


Sap, (i tm) AAP dr + BO SP 


where J,, J. and J; are quantities nearly proportional to the cut-off mo- 
mentum. The first term is the same as obtained in the usual static approxi- 
mation, the second term comes from the recoil of the nucleon and the third 
term comes from the so-called catastrophic interaction. Since the last two 
terms contribute positively to the sum wj+m,, one may obtain the correct 
value for this sum, though P, is rather large. The contribution of meson 
current can be evaluated in a similar manner. Using the V2 = 1 (V is the 
effective coupling constant in the usual intermediate coupling theory) one 
obtains 


PP 083, fh Se 09, ee LO 


y 
max 


o 


This result is better than any other theoretical value. 
I want to note that when the same procedure is applied to the anomalous 
magnetic moment of the electron, one obtains 


Aus > — 1.0(a/27) from the no-pair process, 
Ap-> + 2.3(«/27) from the pair process, 


Ap = Au, + Au-— 1.3(0/2x) . 


This seems to indicate the superiority of our method. 
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INTERVENTI E DISCUSSIONI 


ERACE 


acts (concerning the general solution). 


— N. FUKUDA: 

In my opinion, it seems to be accidental that the effects of high frequeney com- 
ponents will be damped by taking into account the radiative effects. The theory should 
be formulated from the beginning in such a way that all high frequeney components 
were already subtracted out, e.g. in the non-linear theory by Prof. HEISENBERG. 


— W. THIRRING: 


I am glad you calculated the nucleon current so nicely. There are, however, some 
points which are still not cleared up. 


a) A cut-off theory is not gauge invariant. One can introduce currents to make 
the theory gauge invariant but those currents are not uniquely determined by gauge 
invariance. 

b) It is not clear in your calculation as to whether you should use the observ- 
able or the unrenormalized mass for the moment of the bare nucleon. 


c) Heavy mesons will contribute to the moments and to the mass renormalization. 


Each of these items introduces an uncertainty of, say, 20% and the Tomonaga 
approximation is in this region hardly more accurate than 30%. Your agreement with 
the observed values within 10% seems, therefore, not as impressive as it might be. 


— N. FUKUDA: 

That's right. Emphasis has to be always on qualitative, rather than quantitative, 
aspects in static calculations. Any approximate relativistic calculation could not be 
relied upon at all, too, in view of the peculiar character of 7; coupling. 


— W. THIRRING: 
I agree, you did better than anybody else. But it seems to me that the magnetic 
moments cannot provide such a decisive test of meson theory as, for instance, pion 


scattering. 


— B. TOUCHEK: 
... (concerning the spin-orbit coupling in meson theory). 


— N. FUKUDA: 
The spin-orbit coupling derived from the meson theory is not so strong as to change 
the P-phase shift calculated here, at least at low energy. 


— L. ROSENFELD: 
I should like to call attention to a forthcoming paper by Dr. PETERMANN, in which 
I think he has succeeded in disclosing the essential feature responsible for the ano- 
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malous magnetie moments of the nucleons. He has approached the problem from the 
strong coupling side, but he has treated the strong coupling case in a relativistic way, 
by extending Edward’s method of solving the integral equations for the relevant pro- 
pagators and vertex parts. In the limiting case of infinitely strong coupling, these 
equations become homogeneous and are susceptible to the kind of solution attempted 
by Epwarps in the case of electrodynamics. It is found that the contributions from 
the virtual meson current yield the main part of the anomalies, because the contri- 
butions from the virtual nucleon current are much reduced by damping. The strength 
of this analysis lies in its insensitivity to the detailed assumptions about the type of 
coupling, the degree of approximation adopted and the numerical value of the coupling 
constant. 
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Etats excités a trés courte vie moyenne. 


B. D'ESPAGNAT et J. PRENTKI 
CERN - Genéve 


Nous avons étudié récemment un problème qui est en fait assez général 
mais que l’on peut particulariser dans les termes suivants. 

Supposons que la production des mésons x dans les chocs (7*, p) (pris 
comme exemple) ait lieu par le mécanisme suivant: 


tr+tp>oX+4rar->KH+T+t%, 


où X est un état éxcité du nucléon (97). Supposons de plus la conservation 
du spin isotopique. Il s’agit de savoir avec quelle précision il est possible 
de déduire de ces hypotheses les nombres relatifs de mésons émis avec diffé- 
rentes charges. 
Il semble à première vue que ces nombres relatifs soient parfaitement dé- 
terminés: en effet & partir du schéma 
Ke tt gt et + ot 


nt + 845 > n 
I SSG = 7? > p ae at ale 70’ 


on calcule aisément le rapport 64/0++- Ainsi, pour un spin isotopique de X 


égal a 3 on trouve 
O+0 13 


Ge = 2 

Ce rapport fournit incontestablement la réponse correcte lorsque la vie 
moyenne de X est longue. X peut alors étre considéré comme un état réel 
et il est parfaitement légitime de raisonner sur les probabilités de formation 
et de désintégration du X, ce qui est Je principe du calcul précédent. 

Toutefois lorsqu’on a utilisé, ces dernières années, des hypothèses de ce 
genre on a presque toujours supposé que X est un état à vie moyenne 7 tres 
brève. On peut se demander quelles sont les valeurs de 7 pour lesquelles le 


calcul précédent conserve une validité approchée. 
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Pour répondre a cette question il faut introduire Vhypothese du passage 
par un état excité sans introduire de surcroit l’hypothèse des longues vies 
moyennes. A cet effet, il convient de faire un choix parmi tous les graphes 
représentant le processus global et de ne conserver que ceux qui sont repré- 
sentés par la Fig. 1. 


ios ae 


Il y a, bien entendu, une infinité de tels graphes car les processus d’ordre 
queleonque qui sont dissimulés par des cercles n’ont pas besoin d’étre précisés. 
Etant donné qwil s’agit d’une question de principe seul le cas académique 
d’un méson x scalaire et d’un nucléon infiniment lourd sera étudié. 

Appelons K,,(81, €), Kio(€1, €) Jes éléments de matrice de la matrice de 
réaction A pour la formation de deux z+ d’énergies e;, e, et d’un mtd’ énergie e, 
avec un 7° d’énergie e, respectivement. A ,.(e,, e.) est représenté par les graphes 
de la Fig. 2a 


et s’éecrit done 


fi Ale) | Ales) 


ID 
a / 
K4(€1; €) = — |) 


5 | 3 “cs Se è Zu pa Zo ’ 


ESM e d i 


formule où les coefficients numériques sont les coefficients de Clebsch-Gordon 
appropriés et où les dénominateurs sont des dénominateurs de résonance 
(A: énergie d’excitation de X). De méme K,,,(e,, ¢.) est representé par les 
graphes de la Fig. 2b 
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et s’écrit done de méme 


: ; = ‘ DARAI = 
sez bei ae 


oul bol 


este <a) | VE A(é,) 3° A(e) — se 3 


Pour calculer les sections efficaces o,, et o, les Ky, et K,, ne sont pas 
suffisants: il est bien connu en effet que lorsque des dénominateurs de réso- 
nance entrent en jeu comme ici le damping prend une grande importance. 
Pour en tenir compte il convient de résoudre les équations de Heitler du 
problème. Autrement dit, dans les notation de Lippman et Schwinger, il faut 
passer de la matrice K a la matrice 7. 

Moyennant certaines approximations légitimes on peut montrer que la 
solution des équations de Heitler est de la forme 


et on peut évaluer Zi: è partir de Z,. Bien entendu la «largeur de raie » 
T' = kt de Vétat excité X figure dans ces expressions. Cela étant on a 


| ti 
O14~ 4 (ID de, 


+ 


| PIAN, 
avo {Ple de, ; 


o' étant la densité des états a deux mésons; donc 


ee di Pen See SY 
+ Fat+i+2)  14+y 
avec 
J Re (415 Z)o" des 
aoe 


On voit que o,,/o,, tend bien vers la valeurs 13 trouvée par le caleul éle- 
mentaire, lorsque y tend vers zéro. La question posée est done ramenée a 
celle-ci: pour quelles valeurs de la largeur de raie I, y est-il suffisamment petit 
pour que 010/044 © 5. 

Le calcul approché des intégrales fournit des résultats qui peuvent étre 


résumés de la facon suivante. Le paramètre le plus important de beaucoup 


*| 


800 B. D'ESPAGNAT et J. PRENTKI 

est T/A. De manière générale pour des JA plus grands que = le rapport 
614/09 peut étre extrémement different (par un facteur 2 ou plus, suivant 
l’énergie incidente) de la valeur = donnée par le calcul élémentaire. 

Ce résultat appelle une remarque. Intuitivement on aurait pu penser que 
le caleul en deux étapes est essentiellement correct si le premier méson a le 
temps de s’échapper avant la désintégration de X, c’est-a-dire si ct >» soit 
T< pe?. En fait ce raisonnement n’est pas a notre sens assez poussé, d’une 
part parce que il ne fait pas intervenir l’énergie d’excitation et d’autre part 
parce qu'il ignore certains facteurs numériques qui sont en fait importants. 
Ainsi, appliqué a l’état excité X qui se manifeste dans la diffusion x-p 
(T' — 80 MeV) il conduit à justifier le calcul en deux étapes. Les considérations 
qui précèdent indiquent au contraire que, pour une telle valeur de J’, Phypo- 
thèse faite ne permet pas de calculer 04/01: de facon certaine. 


INTERVENTI E DISCUSSIONI 


— B. IOUSCHEK: 


When J is large other types of graphs contribute to the process in a way which 
is not very ligible. Why were they not taken into account? 


— B. D’ESPAGNAT: 

They should certainly be taken into account in any attempt to calculate the true 
value of o4,/04 9; here however we just wanted to know for what values of the / the 
elementary calculation ceases to be reliable. 

Professor Low, here remarked that for I’ large all kinds of other graphs should 
also be taken into account and that any attempt to calculate o,,/o); in that case 
would therefore meet with enormous difficulties. 
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Remarks on Pion-Nucleon Scattering. 


U. HABER-SCHAIM and W. THIRRING 


Physikalisches Institut der Universitat - Bern 


[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 2, 100 (1955). Qui riportiamo solo il riassunto. ia Gh dol 


Summary. — The scattering of pions on nucleons is considered under the assump- 
tion of pv-coupling with cut-ofî. A model due to T. D. LEE is extended in two direc- 
tions: a) to include recoil effects, and b) to admit two mesons in the meson cloud of 
the nucleon. The model permits a rigorous renormalization prescription without the 
use of perturbation theory. The phase shifts for the 33 and 3% scattering can be 
calculated to any desired accuracy, in this paper about 10%. 
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A Field Theoretical Model for S-Wawe Pion-Nucleon Scattering. 


B. Bosco 


Istituto di Fisica dell'Università - Torino 
Istituto Nazionale di Fisica Nucleare - Sezione di Torino 


i. STROFFOLINI 


Istituto di Fisica dell’ Universita - Padova 
Istituto Nazionale di Fisica Nucleare - Sezione di Padova 


[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 1, 433 (1955). Qui riportiamo il riassunto e un’osserva- 
zione di W. THIRRING fatta nel corso della discussione. N. d. R.] 


Summary. — A field theoretical model is discussed which can be solved exactly. 
This [model corresponds to a ps-ps Hamiltonian, in which only those together with 
the inverse process. With this reduced Hamiltonian a finite number of particles are 
present also in the virtual state. For the pion-nucleon scattering only a single pair can 
exist in the intermediate states, and the low energy s-wave phase-shifts are evaluated. 
The agreement with experiments is rather good. 


INTERVENTI E DISCUSSIONI 


— W. THIRRING: 


One usually argues that the s-scattering in ps-ps-theory is suppressed becaused the 
g?®?/2M-term corresponds to a short range repulsive force. In this case the exact 
scattering cross-section is much less than the one obtained by the Born approximation. 
This statement is, however, incorrect if ® is treated as a quantized field. This problem 
can be solved exactly and the infinite reduction of the cross-section is exactly com- 
pensated by the nucleon mass renormalization. After mass renormalization the Born 
approximation gives the exact result for zero energy. I do not want to say that the 


?-term represents the complete ps-ps-theory. I just would like to point out that 
this old suppression argument is wrong. 
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Isotopic Spin and High Energy Collisions. 


J. HAMILTON 


Christ’s College, Cambridge, England 


It is becoming increasingly important to analyse the intermediate or com- 
pound states occurring in high energy pion-nucleon scattering and in the high 
energy photo-production of pions. These states may roughly be thought of 
as consisting of a bare nucleon and one or several pions or a nucleon pair 
associated with it. It is of value to the theorist to be able to analyse these 
constituents adequately and concisely; the present paper puts forward sug- 
gestions for dealing with the isotopic spin components of these intermediate 
states. It is essential to have a simple formalism which describes the isotopic 
spin of nucleons, nucleon pairs and mesons, and for this purpose it is preferable 
to use isotopic spin operators which act on the state vectors of the quantized 
fields. 

Field variables are taken at one time, and the usual field commutation 
relations are assumed. For nucleons the isotopic spin operators are 


a 


(k) 710) 


1 = 
(1) SA A pareti — vinca”) 
where 7= 1, 2 describe the proton and the neutron variables respectively, 
«tr» indicates the transpose operator and x (k =1, 2,3) are the isotopic 
spin matrices. Each S® commutes with N where 


1 Ses ti 
N=». Axe fp, — PIP Yrs ; 


the eigenvalues of N give the difference of the number of particles and anti- 
particles in the state. With the conventional representation the eigenvectors 
of S® are state vectors with p, n protons and neutrons and p, % antiprotons 
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and anti-neutrons respectively, and for such a state vector 


SO |ppnù) = Hp—p+nr—n)|ppnnr>. 


Let w,, u, be components of a binary vector which describe a proton and 
a neutron respectively (i.e. wu, is the state vector |1000) and u, the state vector 
|0010>), and let #,, %, be components of a binary vector which describe anti- 
protons and anti-neutrons respectively. Using st = S® + Ss®, s@ — SW_ Ss 
and definition (1) we have 


[ Dro = SOUR SU. == Ms su, = 0 
(2) | sPu, =—U, sPu,=0; sO = — Un, su,=0 
| Sn = sous = _ Us 5 sy, = — Un Sy Uk 


MH, cm) is another binary vector describing nucleons, the isotopic trans- 
formations generated by S (uu, — uu) invariant, so there presentation 
(2) is unimodular. It is clear that the anti-particle binary vector (w,, %) 
is covariant with (— ws, %1), SO (%,, W.) and (,, v;) are contravariant. 

The Clebsch-Gordon coefficients enable us to construct many-particle 
nucleon states with specified transformation properties under the isotopic 
transformations. A few simple examples together with a notation for them 
is given in the table. The eigenvalues of total angular momentum J and its 
component in the 0; direction M, and the eigenvalues of N label the states: 


N J M Notation Representation 
$ i, = 4 Dy Uys Ug 
i 3 kb. al D, thy» = Uy 
0 0 D,(4; 4) (1/4/2)(w,%, + Ugti o È 
2 0 0 D(3, 4) ra Myths) 
2 1 I 106 D,(4,,4) UU.) (1/V/2)(uzus + Wye), gus. 
| 0 I Li 0 RA) uzUg, (1//2)(ugù, — UU), — gti, - 


Several of the states appearing in this table are well known, and the N=0 
nucleon pair states are distinguished from each other quite as definitely as 
the N=2 states. For example N—= 0, J= 1, M=0 is the virtual nucleon 
state occurring in r°-meson decay. The pion states can be described by a 
triad (a, 8, y) of state vectors representing the L =1, M= 1,0, — 1 set of 
positive neutral and negative pions respectively. From two such sets we can 
form two-pion sets of states $,(1,1') with L= 2, $,(1,1') with L = 
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8,(1,1') with ZL =0. The last two are 


Aa 
| ISSUE ah: M= 0: = (ay’ BB’ xy) 4 
| v3 
(3) a : 
| S(t); ML, 05 L; VB (aB'—@'B), (pay), = (Py—P7). 
x/2 2 3 


The two states above with N= 0, M= 0 can be distinguished by their 
pion annihilation products under a charge independent interaction: the J=1 
state gives the M—0 component of 8,(1, 1’), and yields no neutral pion, 
whereas the J= 0 state gives S,(1, 1’) which has a neutral component. The 
charged pion annihilation products are distinguished in that the J= 1 state 
leads to an anti-symmetric pair while J= 0 leads to a symmetric pair. 

Now let us look at the intermediate states in pion-nucleon scattering, and 
analyse the simpler possibilities by means of the notation just developed, 
assuming a charge independent (pseudo-scalar) interaction. The initial states 
are either JY= 1 or J= 3 states formed from one meson and one nucleon; 
| these states we denote by {SXDi}y {S,xD,}, respectively. It is sufficient 
i to write out the former 

| 


We consider the interaction acting on a state with nucleon g) and meson kg 
| and having the effects: 


/ 
/ 


{SD}; Ni 3, i 


noli 
ae 


Uy — —= 
V3 


VU, . 


Go| I 


; 1 
Niko e 
pi, Fg Ba —| 


ww] XI 


(i) creating another meson k and changing 4 to do; 
(ii) annihilating k, and changing q to q’; 
(iii) annihilating ko and creating a nucleon pair p, 4. 
Denoting the corresponding parts of the interaction H®, H°°, H™ we can 
easily find their effects for the J=} state. Thus 
( H® {8.x D,}, = 4[8(1, 1D, +V2 {Says 1) x Dy hy]; 
(4) HSS, x Dy}, = BD; 
| ely = C[ Dols 3a) Dee Do%,: 3)D;] 3 


where A, B, C are functions of spin and momenta and the subscripts indicate 
the particles involved. Further application of the interaction to the states 
| in (4) gives other simple expressions; for example H°S,(1, 1)D, gives berms 
| £8,xD,}, and D“S,(1, 1) gives {D1(& d) ope as Seer a 
both { S;(1, 1’) x D,}, and {S:(1, 1')xD,\,; H® annihilates {8.x D,}, and H 
gives one three-fermion state {D, xD, x Dj}y- 
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This analysis may be of use in providing clues tò the states which are most 
important in pion-nucleon scattering. Suppose we have to decide between 
the states J= 4, S,(1,, 1)D, and {8,(1,5 1) Dae in (4), then it might be useful 
to examine the inelastic two-meson events in the hope that they are closely 
related to one of these intermediate states. If that were so, the symmetry 
of the S,(1,, 1) state and the antisymmetry of S,(1,,1) might enable us to 
decide which state is more important. A similar analysis of the J=3 states 
arising from H“” can be made by studying the symmetry of the pair annihi- 
lation products of D,(4, i )D and D,(4,, 4)D 


kp $q° 


INTERVENTI E DISCUSSIONI 


— By LouscHEK: 
Is the p-z-state referred to shortlived or longlived? 


— J. HAMILTON: 
Definitely shortlived. 
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Consequences of a Non-Linear Pseudoscalar Meson Theory 


of Nuclear Forces. 


F. Cap 


Institut fiir theoretische Physik der Universitàt - Innsbruck 


In the theory of nuclear forces we are facing a principal difficulty. On 
the one hand, we have to assume with certainty that the nuclear forces are 
carried by pions, and that these mesons are pseudoscalar; on the other hand, 
the usual linear pseudoscalar meson theory is not able to explain, except for 
the scattering data of low energy, any experimental data. 

Although it has been stated for several times that also the deuteron could 
be explained by the potentials of second and fourth order of the charge sym- 
metrical pseudoscalar theory, this is not correct according to most recent 
exact computations and checkups by BLarT and KALOS. 

As the singularity does not lead to any bound state, it previously simply 
has been cut-off; today—again phenomenological—a « hard core » is intro- 
duced, the field theoretical proof of which has been attempted afterwards. 
But also this potential, which is infinite into the «other sense » was not in 
a position to explain the deuteron problem. 

The rather good result obtained by Lévy probably has to be explained 
by the circumstance that he had at his disposal two free parameters (coupling 
constant g and core radius r,) for the interpretation of essentially three quan- 
tities: the binding energy, the integrals for the quadrupole moment and the 
magnetic moment. 

Therefore it seemed to be of interest—after the singular potentials of both 
kinds had failed to explain the experimental deuteron data within the frame- 
work of a pseudoscalar meson theory—to attempt a solution of this problem 
by means of regular potentials. 
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Because such potentials have to go over into the potential of the linear 
charge symmetrical pseudoscalar theory at the latest from 1/x= 1.40-10-18 cm 
(from m_ = 276 m,) on, it seemed to be of advantage to start out directly 
from a regular pseudoscalar potential. 

As the linear pseudoscalar theory yields a singular potential at 7 = 0 (r°? 
term or infinite hard core) it was necessary to consider a non-linear pseudo- 
sealar theory. 

By the way, a number of other reasons are in favour of non-linear terms 
in the meson field equations, such as: 


1) Singular potentials seem to be not a result of the quantum theore- 
tical computation but they are probably a consequence of the form of the 
classical field equations. BrTHe and PAULI have shown that exactly the 
game singularities are to be found also at the classical derivation of nuclear 
forces. 


2) The rest energy of the nucleon and therefore the energy of the meson 
field associated with it are finite in nature. It does not seem to be possible 
to obtain finite values for the field energy of point sources within the fra- 
mework of linear field theories. 

3) The hard core seems to be finite and not infinite. 

4) Non-linear shielding and saturation by non-linear terms. 

5) Non-linear vacuum polarization. 

6) Meson-meson scattering. 

7) The decay of the t-meson into 3 pions. 


8) The Foldy transformation, giving non-linear terms. 


9) The production of more than one pion in a single nucleon-nucleon 
collision. 


10) Non-linear effects appearing at the computation of the magnetic 
nucleon moment in the pseudoscalar theory. 


We started therefore from a Lagrangian yielding a non-linear meson equa- 
tion, strong in the sense of HEISENBERG, i.e. giving powers of the derivatives. 
The theory is relativistic invariant, the particles are punctiform. 


I now add some Figures and Tables giving the course of some functions 
quoted in the theory. 
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the potentials are regular, no cut-off is 
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Dipole potential function F(x); 
dotted: derivation of exp [— «]/x. 


| Tapue I.- This Lagrangian is similar to one used by HEISENBERG, but has a — sign. The + 
sign yields singular potential. We make an « Ansatz » and find a non-linear equation for 
the potential f(x). A solution was derived by numerical integration and in classical 
approximation the static nucleon-nucleon interaction was derived. 


fea, Ye 


VV 


The interaction energies V,V; 
dotted: Yukawa function Vy, Vy. 


i. Taste II.- ‘fhe theory of the deuteron has been developed with this interaction energy. As 

necessary and the integration started at zero. aie 

eration and extension method [see Nuovo Ci- 

mento, 1, 1211 (1955)] yielded the data to be seen in this Table. These are more sa- 
tisfactory than those derived by Lévy. 
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Finally we considered proton-proton scattering of high energy, illustrated 
by the following figures. 


A 
BO 
si 1.5. 
E. wale 
0.5} == ===" === * +3+=-=<=<=»=+="*=*"" 
RR +1 _ o { e" ————»@(@1 .ééé.éo_ oee"ee@]@(©@(@(@|$] remi 
Ir SI da 1 IL = I Je 180 
20 40 60 80 > 100 120 140 160 
na 
Fig. 3. — The proton-proton differential cross-section at 240 MeV. Interaction R(2): 


(1) g = 1.831-10-®; (2) g = 2.17191-10-?; x Experimental values (Phys. Rev., 89, 
416 (1952)). 
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20 40 60 a 11) 720 140 150 180 
dI —_ 
Fig. 4. — 345 MeV. BANERJEE calculated the cross-sections using the linear pseudo- 


scalar theory (without core). Interaction R(x#): (1) JastTrow 335 MeV (Phys. Rev., 

81, 165 (1951)); (2) BANERJEB 340 MeV (Ind. Journ. of Phys., 27, 173 (1953)); (3) CAP, 

g = 1.831-10-; (4) Cap, g= 2.403 5-10-; (5) Cap, g= 1.60-10-9; (6) Cap, g= 2.484-10-9$ 
x Experimental values 345 MeV (Phys. Rev., 88, 923 (1951)). 
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Fig. 5. — 105429 MeV proton-proton scattering. (1) BANERJEE 150 MeV; (2) Ba- 


NERJEB 340 MeV; (3) JastRow 335 MeV; (4) Cap 105 MeV; (5) Cap 429 MeV; (6) Car | 

345 MeV. g = 1.60-10-® (arbitrary) - Interaction: R(x). © Experimental values 

105 MeV (Phys. Rev., 88, 274 (1951)); x Experimental values 345 MeV (Phys. Rev., | 

83, 923 (1951)); O Experimental values 429 MeV (Phys. Rev., 92, 831); --- Theoretical | 

curves of Banerjee at 150 and 340 MeV (Ind. Journ. of Phys., 27; 173 (1953)); ... Theo- 
retical curve of Jastrow at 335 MeV (Phys. Rev., 81, 165 (1951)) 
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Fig. 6. — The 429 MeV data in more detail. x Experimental values 428 MeV (Phys. 


Rev., 95, 190 (1947)); g = 1.831-10-9. Interaction R(x). We see that the theoretical 

eross-section shows a deviation from isotropy. This deviation and the explanation of 

the isotropy effect for 100-400 MeV protons was predicted in 1954, September, by 

the present author. The anisotropy of proton cross-sections for energies higher 

than 400 MeV and the isotropy of neutron-proton cross-sections in the range H > 

~ 400 MeV is confirmed by recent russian measurements, see Dokl. Akad. Nauk 
SSSR, 99, 968 (1954). 
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Fig. 7. — Proton-proton scattering: (a) 460 MeV; (0) 506 MeV; (c) 660 MeV. 


INTERVENTI E DISCUSSIONI 


= A. MARTIN: 


Have you investigated polarization in nucleon-nucleon scattering? 


SF. Cap: 
We haven’t made this study. 


oa 
[ari 
LS) 


F. CAP 


— A Magione 


I think this study is very important. What generally happens is that phenomeno- 
logical potentials either give too large cross-sections and correct polarization or the 
reverse. I would like to mention a phase shift analysis made by C. KLEIN at the 
ficole Normale, taking into account proton-proton, neutron-proton scattering, polari. 
zation and charge independence. This analysis gives some support to the idea of a 
nucleon-nucleon spin orbit force. Have you any evidence for such a force? 


— F. Cap: 

I am also of the opinion that spin orbit coupling seems to be necessary to explain 
experimental data, but it was the intention to investigate first the static approximation 
of the proposed classical non linear meson theory. In the future we shall extend these 
investigations. 


= i. ROSENBELDE 


The analysis of all data concerning nucleon scattering and polarization carried out 
by A. KLEIN leads (on the assumption of charge independence) to a unique set of phase- 
shifts for the S, P, and D waves. From the behaviour of these phases in terms of the 
energy, the main features of the effective nucleon-nucleon potential can be derived. 
It is found that it must include a strong spin-orbit coupling of the same sign as assumed 
in the shell-model. Besides, there must be a short-range repulsive core, and the central 
part of the attractive potential must include a non-saturating component (like the 
Serber potential). This raises anew the problem of the saturation of nuclear forces; 
presumably the repulsive core may remedy the lack of saturation of the central and 
tensor parts of the potential. 


— Rk. W. IskrAUT: 


Prof. CAP stressed that a different sign is used under the square root in the non- 
linear Lagrangian from the sign used by HEISENBERG in a non-linear theory of mul- 
tiple meson production. The remark was made by Prof. Cap that Heisenberg’s sign 
leads to a worse singularity than one would get with the linear theory, However, it 
is to be remembered that Born-Infeld in their non-linear electrodynamics and Cap 
in his non-linear meson theory studied static solutions. HEISENBERG, on the other 
hand investigated wave, i.e. hyperbolic solutions. In the case of the square-root non- 
linear Lagrangian considered by the above-mentioned authors, it can be shown that 
one sign, i.e. the one selected by BorN-[NFELD and Cap, is suitable for static solutions. 
The other sign, i.e. the one selected by HEISENBERG, is suitable for wave solutions. 
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L’exclusion des « fantòomes » (*). 


B. JOUVET (*) 


Institut H. Poincaré - Paris 


1. L’existence de fantémes dans la théorie neutrinienne des particules élé- 
mentaires. 


W. HEISENBERG a proposé [1] de construire toutes les particules a partir 
de la donnée d’un seul champ fondamental, le champ de neutrino, couplé non 
linéairement avec lui méme par un couplage de Fermi convenablement choisi. 
Pour traiter ’équation de Heisenberg nous utilisons le cadre de la matrice S 
et définissons des «noyaux d’interaction » qui donnent directement des ren- 
seignements non seulement sur les masses des particules mais aussi, et c'est 
la grandeur capitale dans le problème des fantòmes, sur les constantes de 
couplage [2]. Cette méthode diffère essentiellement des méthodes non adia- 
batiques (théorie des propagateurs) qu’utilise HEISENBERG. Dans notre mé- 
thode la construction des particules se présente de la fagon suivante: Il résulte 
de l’existence d’un couplage de Fermi entre les neutrinos (Fy), que les paires 
de neutrino interagissent par Vintermédiaire d’un boson B,. A son tour le 
boson B, induit un état excité des neutrinos, qui est un nouveau fermion, F’,. 
Alors les paires (fF), (F,F,) et FoF) sont de nouveau couplées par des cou- 
plages de Fermi; le traitement de ces couplages introduit d’une part des cor- 
rections aux constantes de masse et de couplage du boson Bo, et d’autre part 
de nouveau boson B,, Bove 

Supposons connu le «noyau d’interaction fermion », 8 solution de Péqua- 
tion de Heinsenberg qui caractérise la propagation d’un neutrino virtuel entre 

(*) Ce mot a été introduit par PAULI, a la Conférence de Pise (in this issue, pag. 703) 
pour désigner la particule au couplage imaginaire qui apparait dans le modèle de 
Ler (Phys. Rev., 99, 1329 (1954)); nous appelons ici «fantòme » tout particule ayant 


la méme propriété. jee: 
(+) Présentement à la Division des Etudes Théoriques du CERN a Copenhague. 
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deux points d’univers où ont lieu des chocs de ce neutrino avec d’autres neu- 
trinos. Si p est l’impulsion-énergie du neutrino virtuel, la fonction S\=S,(ivp) a 
des péles m, tels que S,(—m,) = co, auxquels correspondent des résidus 
A; =[S,(iyp): (typ + Ue ener A, est choisi égal a 1. 

Ces péòles représentent des fermions F,, de masse m,, qui satisfont aux 
couplages (*) 


9( (Piro) = (Wov:)) (Povo) VA: » I (Pipi) (Popo) è ’ 


la constante g étant multipliée par (A,)’” si le champ 7, est contenu p fois 
dans le couplage de Fermi. Ce résultat se généralise pour un couplage de 
4 fermions quelconques. 

Comparant maintenant ces résultats avec l’expérience, nous pouvons tirer 
deux conclusions: 


1) L’approximative égalité des interactions de Fermi qu’on a pu mesurer, 
montre que la théorie neutrinienne devrait expliquer que les constantes A, 
ont un module égal a Vunite (les petites différences entre les interactions 
provenant de corrections diverses). 


2) Certaines propriétés des bosons montrent que les constantes de Fermi 


n’ont pas toutes le méme signe: Un premier exemple est la déduction de la 
symétrie de charge des forces nucléaires qui s’explique en postulant [2]le couplage 
+ g((NN);— (pp);) (paire neutre de leptons),. 


Un deuxième exemple est la différence de signe des charges du proton et 
de l’électron qui ne s’explique [3] que si on a le couplage + 9((Pp), — (@e),,) (vv), - 

Par consequent on a A, = — A, et A, = — A,, et nécessairement la théorie 
contient les « couplages fantémes » (+) 


+ tg((ev), + (ve),)*(v), » = ig((ne); + (en);) - (ee); 


5’ 


(*) On ne tient pas compte, a ce stade du calcul de la théorie, des corrections radia- 
tives aux néwuds; en effet, ayant obtenu de cette facon les « couplages » de Fermi 
entre les divers fermions de la théorie, on construit alors suivant [2] les bosons de la 
théorie, et on peut calculer ensuite 1« interaction » effective entre les fermions, produite 
par les échanges de bosons; c’est à ce stade du calcul qu’on tient compte des cor- 
rections radiatives qui ont pour effet de changer les masses des particules, et les cons- 
tantes de couplage Grin, comme dans les théories de Yukawa-Lorentz. 

(*) La non conservation de la charge électrique dans ces couplages ne peut suffire 
pour les éliminer, parce que le théorie ignore la charge, comme concept a priori; 
cependant le principe de conservation de la charge devrait résulter de la théorie. 
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2. L’exclusion des fantémes dans la theorie de Heisenberg. 


Divers auteurs ont souligné l’incompatibilité des couplages fantémes avec 
les principes généraux de la mécanique quantique [4]. Par conséquent la 
théorie contient des résultats impossibles, et on doit, soit la modifier, soit la 
compléter par un principe d’exclusion qui elimine les parties absurdes de la 
théorie (+). Nous postulerons done le principe suivant: Dans le cadre de la 
matrice S, traitée avec la méthode du couplage faible, doivent étre exclus 
tous les processus élementaires dans lesquels interviennent des constantes de 
couplage imaginaires. 

Prenons le modéle suivant [5]. Le neutrino a 3 états excités pour lesquels 
Ay =— Ar = A, =—As et qu’ont peut identifier: Pe, Fp, 2; = ha Ces 
particules forment deux classes: La classe A comprenant F, et F,, et la 
classe B (classe fantòme) avec F, et Fs. Le principe d’exclusion est alors équi- 
valent A postuler que le nombre de particules de la classe A (ou B), moins le 
nombre d’antiparticules de la classe A (ou B) est conservé dans chaque réaction. 


3. — Les fantémes et les mésons. 


Les régles de sélection qu’imposent l’exclusion des couplages fantòmes 
semblent permettre éclairer les mystérieuses propriétés des hypérons et des 
mésons K. Prenons un exemple: Soit S' la fonction caractérisant la propa- 
gation d’un nucléon virtuel entre Vabsorption et l’émission d’un méson x. 
Par hypothèse la constante Aq associée au pole du nucléon normalisée est a 
Punité; le pòle suivant, hypéron, de masse m,, est supposé avoir une cons- 
tante A, négative; c'est done un fantome par rapport au nucléon. On a alors 
la règle de selection x + 9 < />Y (</> = interdit). Supposons maintenant 
qwil existe d’autres types de bosons que les pions, que nous identifions aux 
mésons 0, et qui sont tels que le noyau d’interaction produit par leur échange 
entre deux nucléons ait un résidu négatif; alors (Gara) < 0 et par conséquent 
T+9—/> TI. 

Tl resulte de ces règles que la production de Y peut avoir lieu, soit par le 
choch de 97 avec 9, soit par le processus plus complexe (*) 


Niar>N->0+4Y, 


le nucléon intermédiaire étant evidemment virtuel. 
(+) Les renormalisations ou régularisations sont des exemples de principes qu il 


faut ajouter a une théorie pour la rendre praticable. 
(*) Nous négligeons de spécifier les particules et antiparticules, ce qui n'a aucune 


importance ici. 
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Le principe d’exclusion des couplages fantémes, permet ainsi de comprendre 
pourquoi il faut que deux particules « étranges » soient produites, ou inter- 
agissent en méme temps dans les réactions. 

La désintégration de Y peut se faire en Y > 97 + 0 si Y a une masse 
suffisante; si ce n’est pas le cas il faut faire intervenir le processus de désin- 
tégration du méson 0 > 27, qui donne 


YoOU+0>04+ (47) = 4+ 7) +47 > 9 +7. 


Ce type de régle de selection peut s’obtenir dans des cas plus généraux 
et plus réels (distinctions entre les nucléons n et p...). Dans approximation 
que nous avons considérée ici, VPhypéron Y a une charge mésique G,, de signe 


opposée à la charge mésique du nucléon Gg. 


4. — Conclusion. 


Pour assurer la cohérence physique des résultats que laisse prévoir une 
théorie neutrinienne des particules élementaires, nous avons imposé, par prin- 
cipe, l’exclusion des couplages fantémes; la question se pose de savoir si un 
traitement complet de tous les termes de la théorie aboutit en fait à cette 
exclusion; sinon il faudra chercher, soit dans le formalisme, soit dans les 
équations, a procéder directement à cette exclusion. Cependant la suppression 
des fant6mes ne rend pas la théorie plus convergente, alors que l’addition de 
fantòmes, supposés inobservables, comme le fait HEISENBERG, permet de la 
rendre convergente [6]. 
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As preliminary remarks should be stated: coordinates in space and time 
are 2, = (a, y, 2, ict); as abbreviations there will be used 0,= 0/ox, and 
O=2,0,, further x = melh #0, where m ~ 0 is the finite rest-mass of our 
particles. 

If you send a beam of particles with an electric charge, and perhaps with 
a magnetic spin-moment too, into a Coulomb-field, the beam is scattered. 
If the incident beam is unpolarized, the intensity of elastically scattered par- 
ticles is given by a relativistically corrected Rutherford-formula, multiplied 
with a spin-factor: 


Le agi BZ i IR AT 
(1) Ets, py 3) = de TZ na (9/2) en p, i) ’ 


I, being the intensity of the incident beam, R the great distance between the 
center of our scattering Coulomb-field and the observer, Ze the electric charge 
of the center of scattering, ¢ the electric charge, m # 0 the finite rest-mass, 
s the spinmoment, / the relativistic velocity of the scattered particles and è 
the angle of scattering. 

For particles with spin zero the spin-factor follows from Schrédinger-Klein- 


Gordon equation to be 


(2) f(0, B, 8) = 1 
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for particles with spin 3 we get from the Dirac-equation the well known Mott 
factor 

ieee Sees 
(3) f (5. b, 0| ee 
for particles with spin 1 LAPORTE, Massey and CoRBEN, and finally GUNN 
found by very different methods from Proca’s equations respectively from the 
equivalent equations of Sakata and Taketani the spin-factor 


(4) PG; po) ae e: 


sin2d. 


SI 


This result is a very strange one, because we get in the limit of high relati- 
vistic velocities, e.g. B—>1, a finite value of I'(1, f, 3) for values of 3#0, 
too, that is 


1, Ze? Me il ? 
5 + Boa Seghe 
0) ae Br 2) a 3 ca 2 
in comparison with this we get for #+0 
(6) lim /(0, 8,9) =0 and limI(3,8,9)=0. 
B>1 Bol 


We see, the value of {'(1, 6, %) leads to a very strange result, indeed. What 
is the cause of this strange result? Morr and MASSEY supposed it to be the 
restriction on first Born-approximation. But this argument seems not to be 
valid, since for particles with spin } SAUTER found the same spin-factor in 
first Born-approximation as Morr found by exact computation. It may rather 
be supposed, as just mentioned in a paper by CORBEN and SCHWINGER, that 
the equations of Proca, valid for vector-particles, and those of KEMMER for 
pseudovector-particles, too, are not the right ones. 

Following an idea of CAP, we are able to find wave-equations for particles 
with spin 1, which lead to a spin-factor in equ. (1) of the form 


7 PRO) 
Lo fd, fb, 0) = 1_P° Sa 


where, for #40, we get the limit 


(8) lim 21, 6,0) = 0° 
Bol 
This spin-factor is evidently analogous to the well known Mott’s factor for 


particles with spin } and seems to be much more senseful than the strange 
value given by formula (4). 


SCATTERING OF ELEMENTAEY PARTICLES WITH SPIN s IN A COULOMB-FIELD 819 


But Cap’s idea doesn’t restrict on the special case of spin 1, it is just valid 
in the general case of integer or half-integer spins s. The idea consists of 
the following: it must be possible to set up a description for particles with 
spin s, where the wave-function has just as many independent components 
as the corresponding particle may assume inner states, that is the number 
of 2(2s+1); the 2s+1 arises evidently from the quantization of the spin- 
moment of our particle with respect to a certain fixed axe of space; the 
factor 2 is caused by the fact, we don’t postulate anything concerning the 
behaviour of our wave-function under the special transformation of inversion 
in space, e.g. (2, y, 2, ict)’ = (— 2, — y, —2, tet). Our wave-function with its 
2(2s+1) independent components has to satisfy a set of 2(2s+1) wave-equa- 
tions. 


In order to come up to this claim in a relativistically covariant way we 
must use symmetric spinors of rank 2s of a special type, namely 


(9) (Caer and IL o 

that means, we have only spinors all indices of which are dotted or undotted. 
Under proper Lorentz transformation these symmetrical spinors are submitted 
to transformations of the irreducible representations D,. and D,,, of the proper 
Lorentzgroup. Under inversion of space at” turns over into a a? and vice 
versa. Each of our symmetrical spinors has 2s—-1 independent components 
and therefore this description fulfils our claim. It is however necessary to use 
both spinors (9) simultaneously to receive a covariant theory with respect 
to the full Lorentz group. 

In the case of free particles all the components of our spinors must satisfy 
Schrédinger-Gordon equation: 

{10) (le Ala ae 0p OR cay 

that are together 2(2s +1) wave-equations of second order in 0, for the 2(28+1) 
independent components of our wave-function. Our present description of free 
particles with spin s is equivalent to the description given by DIRAC and FIERZ, 
as may easily be computed. 

Now we want to describe the action of an external electromagnetic field, 
given by the four-potential pn = (@; 9) causing the field-strengths gi eee 
= OnPn— OnPms that is B = curl g for the magnetic, Ei ede — (1/c) (ep / et) 
for the electric field, on our particle. In the usual way this is done substi- 
Cutie. 0,\—> dy, = da (ie/he)p,; to this end we must replace our system (10) 
of wave-equations by an equivalent one, which is only of the first order in dr. 
Since the theory for s = 0 is well known we may exclude this case. In the 
case of s= 0 this can be done introducing two symmetrical auxiliary spinors 
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of ranks 2s, the one having one undotted and 2s—1 dotted indices and the 
other one dotted and 2s— 1 undotted indices. But we don’t need auxiliary 
spinors of a rank lower than 2s, as FIERZ and PAULI had to do in their paper 
to get a mathematically consistent system of wave-equations. Now we replace 
oh by d, and as the next step of computation we eliminate again the two 
auxiliary spinors in order to obtain a description fulfilling Cap’s claim, that 
is by a wave-function with just 2(2s-+1) independent components submitted 
to a set of just 2(2s-+1) wave-equations. Now we compose the 2s--1 inde- 
pendent components of our symmetric spinor qt mie-ies to a column 
AIA"), where 


pra Beane 
(1) ia 
bi (28 > N yin : free i 


eas . . (+s) 
. Me T T at © lo T AT VTE. Q fe ais Syd È 
N=0,1,2,..., 2s. Now we treat an adjoint symmetrical spinor a PIREO 


in analogous manner and get from it A+ as a row; if we do so, the scalar 
product AA+ is invariant with respect to the proper Lorentz group. In an 
analogous way we compose the 2s+1 independent components of our symme- 
trical spinor TE to a column 4, those of its adjoint symmetrical spinor 
at 9*%--?:s to a row A+, where again AA4+ is invariant under proper Lorentz 
transformation. Now we can write our wave-equations, received from the 
procedure mentioned above, in the following way: 


| (gle i 2 (B—iE,=)A, 
(12) ? 
(And, 22)A = (B+ iE, Z)A. 


The components +, Y,, 23 of the operator X are 28-41 rowed hermitian matrices 
operating on the components of A and A; the following equations hold: 


if (k,l, m) is an even permutation of (1, 2, 3) 


(13) (DDA E n 


The 2s+1 eigenvalues of each of these hermitian matrices are (s-- N )/s for 
NS 


The right-hand side of our wave-equations describes the action of the 
external electromagnetic field on the magnetic spin-momentum of our par- 
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ticles; it depends only on the field-strengths B and E but not explicitely on 
the four-potential m,, as it must be expected comparing with classical electro- 
dynamics. Giving all the terms of (12) the dimension of an energy, we may 
interprete 


(14) V=—.— (B+iE,2); 


as the contribution of a magnetic momentum 


E eh 

(15) pe == 

2me 

caused by the spin, to the potential energy of our particle put into the external 
electromagnetic field B, E. The absolute value of this magnetic moment is 


eh 1. ,——— 
(16) mia Vee 
2Mme s 
As it might be expected the appearing factor is identical with Bohr’s magneton. 
Further we may contribute to our particle a spin-moment 


(16) Ii="to°=-heZ, 


the equations holding for the hermitian matrices o,, 0», 03 of the operator 
o = sZ and their eigenvalues follow immediately from the corresponding 
relations holding for the matrices of X. 

From (12) we find the adjoint wave-equations 


| (d,,d, =A e —7 At+(E, B— iE), 
(17) me ; 
| (dd, —)}At =—z AVE, B+ iE) , 
where 
> cet ie 
d, = On Dl he D,, 


Between the components of the wave-function and those of their adjoint 
quantity the following relations hold: denoting the conjugate complex and 
transposed value of a quantity by a bar, we have A = At, A = 4 the in- 
version in space induces 4 —— A, At 2 At. 
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For the vector of current-density we obtain from the usual formalism 
(18) s, = — ie {A+(d,A)—(d,4+)A + At(d,A) — (4, A+) A} ond Op 
where s‘”’” denotes the current-density of polarization; this term may be written 
naturally in relativistically covariant form, but it is much more simple to 


write in congruence with classical electrodynamics 


Sn = (8, 1€0) , 


Pe br me 0 = “divP, 
| ic otf Le 
and 
| M= AtZA + A*ZA 
(19) 


REA ie 


It is easily to be seen that s, transforms like a four-vector with respect to 
the full Lorentz group: furthermore it is evident s,, s,, s3 being real, s, pure 
imaginary; finally the equation of continuity 


(20) Ons =< 0 


holds as a consequence of our wave-equations (12) and (17). I want to men- 
tion that our expression (18) for the current-density s,, is identical with Gordon’s 
expression for the current-density of particles with spin + following Dirac’s 
theory. 

Now it is possible to compute the intensity of a beam of particles scattered 
elastically by a Coulomb field. If the incident beam is unpolarized we get 
in first Born approximation the formula (1), where the spin factor is in the 
case s 40 
(21) iG, Boy ee a Be ine 


9? 


which is evidently analogous to the well known Mott factor. In the limit of 
high velocities we get the reasonable result 


(22) limo I(s, 9,0) == 0 for 320) 
Bal 
Evidently our result (21) is in congruence with Mott’s factor wr the special 


case of s=—3 and with the expression (7) mentioned at the beginning for 
whe case of, § =: 


SCATTERING OF ELEMENTARY PARTICLES WITH SPIN S IN A COULOMB-FIELD 823 


Since it is possible to correct the difficulty arising from the spin-factor 
of the generalized Rutherford-formula, following from Proca’s theory for par- 
ticles with spin 1, which diverges in the limit of high velocities, it is to be 
hoped, that our wave equations (12) represent a theory for charged part- 
ticles with finite rest mass, that leads in the cases of spin s = 1 and perhaps 
s=> 1, too, to more reasonable results than the theories stated before did, 
perhaps to results, which allow an experimental proof. Furthermore it may 
be supposed that we are able to state a renormalizable theory for charged 
particles with spin s = 1 and perhaps s > 1, too, whereas the theory following 
from Proca’s equations for the vector particle and from Kemmer’s equations 
for the pseudovector particle doesn’t lead to a result like that. 
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INTERVENTI E DISCUSSIONI 


— J. GEHENIAU: 

Il me semble que les équations d’onde que vous placez è la base de votre théorie, 
dans votre note sur les particules élémentaires chargées de spin 1 (Zeits. f. Phys. (1953)) 
peuvent se déduire de celles introduites par J. M. WuHirrAKER vers 1930. 

La différence entre vos equations et celles de WHITTAKER consiste essentiellement 
en ce que, au lieu de votre formule 


(1) G = dA, O dA + 3 Ri Co Neer FE d,4n) ‘ 


WHITTAKER a 


=d sa cE d,A m = Oma B, “i d,B,) ? 


G 


IS 


mn mt 


ce qui devient (1) si A,= B,. i i 
Dans son travail, WHITTAKER ne disait pas que ses équations correspondaient a 

5 4 ; Et 
une particule de spin 1. Au contraire, il voulait traiter par elles le problem de l’électron. 


53 — Supplemento al Nuovo Cumento. 
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J'ai montré, dans un travail non publié, que les équations de Whittaker correspondent 
à un corpuscule (de spin 1) doué non seulement d’un moment magnetic propre, mais 
aussi d’un moment électrique propre. Le corpuscule de spin 1 que vous avez  étudié 
possède peut-étre aussi cette propriété. 


— H. Donnert et F. Cap: 
Nous remercions pour cette remarque intéressante. Le travail de WHITTAKER n'est 
pas venu a notre connaissance. 


— E. SCHRODINGER: 
Asks if it were not dangerous to work with equations of the first order. 


— F. Cap: 

There seems to be no danger, as PAULI has shown that the special form of the 
wave equation can be left open, provided that the energy-momentum-tensor (for fer- 
mions) respectively electric current (for bosons) are definite. Now it has been shown 
by CAP and also by RAysKI that the Lagrangian of the new wave equations rised 
by Donner yields the right definiteness of these quantities. 
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Summary. — The hold query concerning longitudinal waves, which already beset 
the elastic theory of light, has in our day revived in the form expressed in the title. 
Maxwell’s field laws are a singular limiting case in that they admit but transversal 
waves. If this held only in however close an approximation, some fundamental laws 
of radiation would seem to be affected by a factor 3, on account of the « third degree 
of freedom ». If so, this would render even Maxwell’s theory suspect, for we are loath 
to accept as an adequate description of nature a limiting case whose predictions differ 
grossly and discontinuously from those reached by a sufficiently close approach to the 
limit. We show here in the simple, if fictitious, example of an ideal conductor, that 
by extending Proca’s field equations in a plausible fashion to the interior of matter 
the discontinuity is avoided and the correct factors (not } thereof) are already reached 
| with a rest-mass at the upper limit, imposed anyhow by other well-known considerations. 


INTERVENTI E DISCUSSIONI 


— A. J. RUTGERS: 

Professor SCHRODINGER says that one of the referees of the Proc. Koy. Soc. has 
| pointed out that the new theory implies that the sun looses energy at a rate 3 times 
bigger than assumed at present. This is a favorable circumstance. 

The oldest radioactive deposits on earth (Tanganyka and South Rhodesian Shield) 
© have an age of 2700 megayears. The reciprocal value of Hubble’s constant (1071? Sa) 
| which may be taken for the age of the Universe, is 10175 = 3000 megayears. 

However the age of the sun, calculated from the hypothesis, that radiation in the 
| past is equal to its present radiation, is 5.7 megayears; this result is based on the latest 
data (1954) given by EPstEIN and Motz about the helium content of the sun (5.7%); 
i for the present radiation (2 ergs s~* g~*) of the sun, 1% of the sun’s hydrogen is con- 
erted into helium every 1000 megayears. Now, if the radiation has to be multiplied 
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bv a factor 3, the age of the sun has to be multiplied bz. $, which brings down the 
ace at 3.8 meeayears, which is much nearer to the reciprocal value of Hubble’s constant. 
age at 3. ga 


CH Be WIGNERE 

There is a question which troubles me. It concerns the energy loss of the Sun, 
due to longitudinal waves and under the assumption of Professor SCHRODINGER that 
the mean free path of those waves in the Sun is much smaller than the diameter of 
the Sun. Since, on the other hand, the mean free path of the longitudinal waves is 
much longer than the mean free path of the transversal waves, the energy flux due 
to the longitudinal waves could be greatly in excess of the energy flux due to trans- 
versal waves. This may go so far as to upset the energy balance of the Sun as we 
believe to know it. } 

If the statement which I made is correct, there remains at least one way out of 
the difficulty. even if one assumes that the longitudinal waves do exist. One could 
assume that the mean free path of the longitudinal waves is larger than the diameter 
of the Sun. If this is the case, there will be no equilibrium between the Sun’s material 
temperature and the longitudinal waves. Their intensity could correspond to a much 
lower temperature and the energy flux due to these waves may not be excessive. 


— W. PAULI: 

Professor PAULI raised the question whether the properties of light waves can be 
obtained by a continuous transition from the properties of waves associated with part- 
icles of very small mass. 


— E. P. WIGNER: 

As I understand the question, it does not refer to the properties of light waves as 
visualized in the paper of Professor SCHRODINGER but to light waves as they are com- 
monly understood, that is transversal vibrations. 

The answer to this question is, in my opinion, no. Since light waves as ordinarily 
envisaged have no longitudinal component, the processes which correspond to the 
emission of longitudinal quanta do not exist. In the case of particles with non-zere: 
mass, such as described by Proca’s equations, the existence of longitudinal quanta is 
a consequence of Lorentz invariance. Thus, for instance, we know that a particle 
with spin 0 cannot decay by emission of a light quantum into another particles with 
spin 0. The decay is possible under the emission of a Proca particle, that is a particle 
with non-zero restmass and spin I. Now Professor ScHRODINGER just explained that 
it is reasonable to assume that the coupling constant for this process, that is the 
emission of a Proca particle in a transition between two J= 0 states, decreases as 
the mass of the Proca particle decreases. If this is true, the probability of the trans: 
ition between the two J= 0 states (under the emission of a Proca particle) wil 
decrease as the mass of the Proca particle tends to zero. If this is the case, there is+ 
in a sense, a continuity. Nevertheless, in the way one speaks about selection rules, ij 
is true that the selection rules for the emission of mass zero particles are different fron! 
the selection rules for particles with non-zero mass. 


RECARE 


I want to point out that only an upper limit, but also a lower limit of the photo 
mass can be given 10-55 ¢ calculated from the cosmological constant by myself in è 
paper published in Journal de Physique et le Radium, about 1953. 
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Summary. — A general theory of propagators is developed. All propagators are 
derived from a generating functional. Renormalization corresponds to the adjustment 
of the coupling constants of the external sources. As an example, renormalized equations 
for Compton and Moller scattering are derived. 
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Summary. — The formulation of the usual renormalization theory is extended 
to cases where the particles have several mass levels. In this framework the difficulties 
which were pointed out by Lex [1] in connection with his model of three interacting 
fields, are fully discussed. Considering the expression for the one body propagator one 
obtains the equation giving the mass spectrum. A normalization factor Z9 corres- 
ponding to each mass level can be defined, and it is shown that the signs of these Z9 
either alternate or remain the same. In case they alternate, it is seen that the inter- 
action Hamiltonian is not hermitian (thus the S-matrix is not unitary), and that the 
method suggested by Les (the non-renormalized coupling constant is imaginary) cannot 
work. The case, in which all the Z’s are of the same sign which corresponds to a 
unitary S-matrix, arises if the one-body propagator has a very special distribution of 
singularities. It ean be seen that this condition is not fulfilled in the Lee example. 


(*) Faculty of Science, Department of Physics, University of Tokyo. 
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It is well known that the expression for the solution of an S-matrix scat- 
tering problem: S = > g"S, in terms of the powers of the coupling constant 
(perturbation series) cannot be applied for large values of g. 

It therefore seems interesting to investigate an approximation method in 
which the term g’S, is replaced by 


where the constants x” are functions of g. This may be done by a reformu- 
lation of Fredholm’s method [1]. Let us consider the linear equation 


(1) U=U,+4RU, 


where U, and & are known operators, U an unknown operator, and / a ¢-number 
which is not an eigenvalue. Its solution can be obtained by means of the 


resolvent R 
(2a) U=(1+AR)U,, 
(2b) R=R+ ARR. 


We write down the resolvent È as the ratio of two polynomials in the coupling 


(*) CERN, Theoretical Study Division at the Institute for Theoretical Physics, 
University of Copenhagen. On leave from the Institut H. Poincaré, Paris. 
(+) Faculty of Science, Department. of Physics, University of Tokyo. 
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constant g of degree N, plus a rest term 
N 
D'[-A)"/n!]Dnta 
0 >/ 

(3) R= +R 
Lie Am: 
0 

The 2, are operators, and the D, c-numbers; the relations between @, and D,, 

have to be determined by introducing (3) in the (2b). One then obtains the 

recurrence formulae 


ae 


(4a) 


where the D, are still undetermined, and the equation for R’: 


(4b) Re i + ARRE, 


Let us now consider a matrix element of R between the states |I) and <II|. 
For a given N we have to choose the still undetermined c-numbers D, such 
that <IIT|R'|I) is small enough in some sense. 

One may prove that a convenient choice of D, is obtained if they are chosen 
in such a way that the length of the vector (*) 


se 


is a minimum. This condition gives a system of N quadratical equations which 
determine D,....D, (Di = 1). 

As a first simple application we may consider the scattering of particles 
the energies of which are below the threshold of production of new particles, 
and N=2. In this case the S-matrix can be written as: 


IT | g?S, + 94*(S, + 28.) +) 


LS SS ini = 


en, 


Ik = ga 


(*) This vector is obtained by applying the inhomogeneous term in (4b) to the 
vector |I)>. 
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<1|8,(S, — g*8.) | D 
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Other applications, such as the application to Heitler’s integral equation, 
to nuclear potentials and others, will be given in a more detailed paper to be 


published shortly. 
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The concept of the elementary particle as a mathematical point endowed 
with the properties of mass, charge, spin, magnetic moment ete., has led, not 
surprisingly, to infinities and divergent expressions. Attempts are called for 
to describe elementary particles as continuous distributions (« clouds ») of self- 
interacting and mutually interacting matter. Following DIRAC|[1], we look, in 
the first place, for new formulations of classical relativistic dynamics, but 
avoiding the point particle concept. 

Picturing a cloud of matter as a family of wordlines with local density N 
one wishes to relate causally the direction vector U at any point-instant to 
those of the past, but only from point-instants which, according to our metric, 
are infinitely close can we expect direct contributions towards the determi- 
nation of U. The sum A of the direction vectors on the past light-cone, weighted 


according to worldline density, is therefore a natural choice for a causal vector 
to U: 


A(X) = 2[ N(X)U(X')0((X— X99) aX", 


where the factor 2 ensures that A obeys the familiar differential equation DA = 
= —daNU. Indeed, classical electrodynamics follows in its entirety from the 
simple law that a linear combination xU4 A should maintain constant cir- 
culation around paths which travel with the fluid. x is a constant which could, 
if desired, be absorbed into the definition of N. 

That the circulation should appear in the fundamental law of continuum 
electrodynamics is not so surprising when one observes that in the absence 
of interaction, i.e. without A, the world lines are straight lines or, when space 


curvature in appreciable, geodesics. These can be defined, instead of by their 
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extremal property, by the condition that the circulation of their tangent 
vector U is conserved. 

The deduction of classical electrodynamics as well as the particle properties 
of clouds proceeds, briefly, as follows: Stoke’s theorem yields the internal law 
of stream electrodynamics 

«dUjdt = F-U, 
where F is the antisymmetrical tensor Curl A and 7 is proper time along the 
worldlines. Thus x can be identified as the ratio of mass to charge in the 
fundamental, subelectronic, fluid. From F one obtains a stress tensor in the 
usual manner to which one adds — NUU, the «intrinsic » inertia tensor, to 
get an overall inertia tensor T with vanishing divergence. 

Now any confined cloud possesses a « charge », the quantity [x U, dx, dx, dx, 
which is an invariant since the divergence of NU must vanish for continuity 
of the worldlines. It also possesses an energy momentum vector, the space 
integral of the fourth row or column of T. Under the impact of external 
fields (A due to other clouds) this vector is found to change exactly by the 
four-impulse of these. The « mass » of the cloud is the modulus of this four- 
momentum and is due to a combination of intrinsic mass density and electro- 
magnetic inertia, since x0. An assembly of similar clouds will obey the macro- 
scopic laws of stream-electrodynamics. 

Each cloud has a «spin», derived from the third-rank tensor X xT and 
also a magnetic moment. The condition that a cloud which under its own 
action presents a permanent configuration should, after external disturbance, 
revert to this configuration, leads to a gyromagnetic ratio which, unfortu- 
nately, has been misnamed the «anomalous » ratio, viz. that of the electron. 
KRAMERS [2] has given somewhat intuitive reasons for expecting this gyro- 
magnetic ratio and GELL-MANN and GOLDBERGER [3] have recently obtained 
the. first-order terms, in addition to the Thomson zero order term, of the 
Klein-Nishina formula from the « Kramers electron »: they have, further, ap- 
plied purely classical calculations to an elementary particle with arbitrary 
magnetic moment. 

In an endeavour to quantize our simple formulation of the classical laws 
(conservation of the circulation of xU--_A) we cannot follow the conventional 
formalism which is tied to the point particle concept. Instead, we might be 
guided by London’s phenomenological theory of superconductivity [4], according 


to which Pu-u+A)y-ax=0 around contractible paths while Pe U-+A)-dX 
is a multiple of h/e around holes. Is the quantum law of electrodynamics 
simply that all flow is potential flow (meaning that ~U-+A is a gradient), vortices 


being restricted to holes and to strength h/e? Is such a causal method of quan- 
tization, akin to the old Bohr-Sommerfeld rule but Lorentz-invariant, sufficient? 
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The test of this suggestion for quantizing the continuum is in many cases 
bound up with the construction of an actual self-consistent cloud, probably 
ring-shaped and enclosing one vortex, which might be identified with the 
electron, and other patterns, identifyable with other elementary particles, 
stable or unstable. An investigation [5] shows that the search for such a pat- 
tern is not hopeless and that one might, one day, account for the numerical 
value of the fine structure constant in this way. But such pursuits are ambi- 
tious and premature. 

A more fundamental challenge to this method of quantization, formulated 
only for material circuits, is to deduce from it the quantization of radiation. 
(This has to be stated as a separate rule in the old Bohr-Sommerfeld theory). 
In this direction some progress may be reported. A new invariant was dis- 
covered for the classical radiation field, given by: 


= Sad 


ag ice ctee Sea 


16722 | 2 —— x’ |2¢ 


The integration is to be carried out within one time-plane, but no matter which 
time-plane is chosen and at what inclination, the result is the same. The 
dimension of this invariant is «action» and it plays the same réle in the 
classical radiation field as h does for the photon: energy is oH, momentum is 
kH, angular momentum about an axis mH where m is the number of repeats 
of the field pattern about the axis. 

A preliminary investigation has shown that the amount of H emitted by 
a cloud undergoing a transition can be expressed as a product of the charge 
and certain line integrals in the cloud. As regards the latter, it can be said 


that they look rather like the integral De U+A):dX, but the exact identi- 


fication with this expression has not yet been achieved. An alternative in- 
rariant, equal to H in magnitude for all circularly polarized waves, but dif- 
fering in sign according to the sense of polarization, may have to be explored. 
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INTERVENTI E DISCUSSIONI 


_—___E. SCHRÒODINGER: 


Is the double integral for H of a familiar kind? 


— 0. BUNEMAN: 

No, H was, in fact, first found as a simple integral in k-space by decomposing a 
wave packet into plane waves. At the same time, an explicit formula for the energy 
and momentum of a wave packet was obtained and the energy was found to exceed 
the momentum, indicating non vanishing rest-mass of the classical wave packet. 


-_E. SCHRODINGER: 


Can such a packet be transformed to rest? 


— ©. BUNEMAN: 


Not properly. since it disperses. 


— E. ScHRODINGER: 
The excess of energy over momentum is due to the fact that the packet is not 
unidirectional. 
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1. — Introduction. 


The high energies now attainable in accelerators have aroused interest in 
the question whether there exists a particle with the mass of the proton and 
negative electric charge—the negative proton or antiproton. It has recently 
been suggested that several cosmic ray events may be due to negative pro- 
tons [1]. Since cosmic rays are the main source of the energies required for 
proton pair production, we have investigated the production of negative pro- 
tons in the atmosphere. 

A theoretical study of the production and annihilation of negative protons 
was commenced over ten years ago, when it was believed that what we now 
call the u-meson is responsible for nuclear forces, and has been published in 
a number of papers [2]. The latest paper assumes that the nuclear force z-meson 
is pseudoscalar but allows either pseudovector or pseudoscalar coupling with 
the nucleon, and we shall refer to these two possibilities as « pspv » and « psps » 
theory, respectively. While it has been said that the psps theory has the advan- 
tage of being renormalizable, it appears from experiments on low energy meson- 
proton scattering that the pspv theory is more likely to be nearer the truth [3]. 
The results obtained so far for negative proton production cannot claim any 
great numerical accuracy, since they are based on the resolution of the meson 
field of a moving nucleon by the Weizsàcker-Williams method and since in 
the psps case perturbation theory is employed and no attempt is made to 
estimate the influence of radiative corrections. In addition it is found neces- 
sary in the present paper to make some rather drastic approximations, but 
the data at our disposal both theoretical and experimental would not in any 
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case justify a very detailed approach. What we hope to obtain from our results 
. is at least the order of magnitude of the rate of production of negative protons 
in the atmosphere. 


2. Production of negative protons by nucleon-nucleus collisions. 


To investigate the production of negative protons by the collision of a 
nucleon with an air nucleus it is convenient to measure distances traversed in 
the atmosphere in the unit g cm~*. We take the threshold energy of the 
nucleon for the process to be 8Mc?, i.e. about 7 GeV, M being the rest mass 
of the proton. The energy spectrum of the nucleons is roughly proportional 
to dE/E?°[4]. On the other hand the number of nucleons in traversing Y g- cem! 
suffers a decay represented approximately by the exponential factor exp [— 2X], 
where A-1= 120 g cm? [5]. 

The cross-section for negative proton production by a proton-neutron col- 
lision is small compared with the geometrical cross-section of a nucleon and 
the cross-section due to a nucleon-nucleus collision is therefore the sum of the 
contributions from the individual nucleons in the nucleus. Thus the proba- 
bility of a negative proton being produced when one nucleon with energy E 
passes through a distance dX is 3No(E)dX, where 


Ne 62026 10-2 


is the number of nucleons contained in 1 g and o(£) the cross-section expressed 
in em? for negative proton production by a proton-neutron collision. The 
factor } is present because according to the theory proton pairs do not result 
from proton-proton or neutron-neutron collisions [6]. Let B(dH/H**) be the 
number of nucleons with energy in the range (4, E+4dB) which pass vertically 
per second across a horizontal area of 1 cm? at A, that is, at a depth hg cm™ 
down the atmosphere. The number of negative protons which they produce 
in going through 1g cm”? is IN Bo(E)dE/E®* and the total number produced 
per g cm? is 


ie tO) e 
(1) UR, == n vB| ps aH. 
8Mc* 


We may compare this with the total number of nucleons with energies not 
less than 3Mc?, i.e. about 3 GeV, which pass vertically each second across 


the area of 1 cm? at h, viz. Bi dh/B>°. The ratio of these is 


3Mc* 


(2) R= 3No, 
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where 
{[o(£)/E?*] dl 
(3) OR ms È bi 
(dB) Bes 
3Mce? 


R and o are independent of h. 

The cross-section o(#) has been evaluated in units such that h=c=u=1, 
4 being the mass of the 7-meson, so that the unit of area is (h/we)?=2-10-°% em? 
and M=6.73. For the pspv theory radiation damping is included and we 
take the coupling constant f such that f?/hc = 1. There are different expres- 
sions for o(E) according as E is less than or exceeds 16Me? [*]. 


2.25-10*(_. J/E—8M E—8M 
J 4 di 259 Miei = 
dea r| 8M I | SM 
3 EH 8M E-8M\} : sitaleg 
= g|1+ aWM SMe? < EB <16Me?, pspv 
2a 8M log (1 | aM | 8M ) Dia Da 


2.25 10% ( I 3 | 
i\ == -32M —— M——log (1 + aM); + 
rn) 5 Gay I 
3.125 -104 f B 7 ESS | > i 
log —— — 0.135 |1 — | —— E > 16Me?, pspv 
n.M5E \°°16M | E} 4 pep 
where 
a = 4M’-f 
On integration we deduce from (3) that 
2a h\° o 
(4) ge 3.76-10-*(—) ; (pspv), 
Le 
and therefore 
e 23°10, (pspv). 


In the case of pseudoscalar coupling o(#) has different values for six dif- 
ferent energy ranges and as the expressions are complicated we do not repro- 


(*) See in [2%] equations (1.13) and (1.14). We choose the Compton wave-length 
of the proton #/Me to be the minimum value of the impact paarmeter for the 
Weizsicker-Williams method and so replace N by 25 in the two equations. 
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duce them here [7]. The integration is performed numerically and leads to 


SC: : ae \ 
=F A . 10 DAT — Ne 
a. Ee we} ” (PSPS), 
Lat St 9° LI 
RASO Di ; (psps). 


We have allowed the coupling constant g to remain explicitly in o and R, 
because it is present in a simple way and because the numerical results depend 
so sensitively on its value. If, as was suggested by other investigations [8], 
we put g?/hc = 4, then 


(5) o = 1.4:10-2 i i X 
: = IL a ; (psps), 
(6) B= 8) 10> 5 (psps). 


It would be of interest to experimentalists to have an estimate of the 
probability of a negative proton being present in a shower caused by a nucleon- 
nucleus collision. Since the threshold energy for the production of proton 
pairs is 8 Mc?, we consider only those showers produced by a nucleon having 
at least this energy. We denote by a the cross-section o(H#) averaged over the 
energy range (8 Mc?, co) and clearly 


Thus from (4) and (5) 


h 


2 
6-10-? Ea (psps). 


pe 


| LEO 108 de i (pspv) 
cesto 

| 

| 


In the collisions of high energy nucleons with nuclei of atomic weight A the 
average cross-section for negative proton production is 


the factor + arising from the selection rules which we noted before. The cross- 
section for shower production in such collisions is equal to the geometrical 
cross-section of the nucleus [9], i.e. 


54 — Supplemento al Nuovo Cimento. 
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Thus the average number of negative protons per shower caused by incoming 
nucleons with energy greater than 7 GeV is 


(A/2)o 
r= gi . 
We obtain for the two couplings 
È _ Ome (pspv), 
De) gE * 
oon ie 
— At-10-? (psps). 
|a 


We now apply these results to some elements of interest, to Nitrogen for a 
shower in the atmosphere and to Silver for a shower in a photographic emulsion: 


| 6.1-10-4 (Pspv), 
Nitrogen pr 

| 2.3-107? (PSps); 

[ 1-2-10-* (pspy), 
Silver r= | 

| 4.5°10 (psps). 


The evaluation of o also provides an estimate of the number of negative 
protons which arrive at a depth h. The negative protons appearing here may 
have been produced at any depth XY such that X </h and the spectrum of 
nucleons arriving vertically at X is clearly 


1H 
B exp [A(h— X)] Ta : 


The number of negative protons produced there when these nucleons traverse 
a thickness dA is 


NB exp [A(h — X)]o(B) = 


DE 


On account of the high nucleon energies involved in proton pair production 
we assume that the produced pair will also travel vertically down the atmo- 
sphere. Of the negative protons produced some are lost in their passage through 
the atmosphere before they reach h. The loss may be due to annihilation or 
to meson production and the cross-sections show that annihilation is relati- 
vely unimportant except for very slow negative protons [10]. Wet herefore 
suppose that the loss is due entirely to meson production and that it is re- 
presented by the factor exp[— 2A(h— X)], which corresponds to a cross- 
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section for meson production equal to the geometrical cross-section of the air 
nucleus. The 2 does not occur in the exponential decay of nucleons because 
as a result of a nucleon-nucleus collision nucleons may appear again as se- 
condary products, whereas negative protons will not re-appear. The number 
of negative protons which are produced in dX and reach h is thus 


(col 


NB exp [— A(h— X)] dX DL di 


ho) Pet 


8uc* 


and the total of those which come down is 


h foo} (co) 
a I 4 riali NE ‘0(E) 
5 N exp [— A(h— X)] dX las die Di (1 -— exp [— 20) | as dE. 
0 8Mc* suc? 


The ratio of the number of negative protons to the number of nucleons with 
energies not less than 3 GeV, arriving at h is therefore 


N to ely 
RS : (1 — exp [— Ah])o = 7 (—exp[--dh]), 


ail 


by (2). Hence 


th = LO for Uh DL 
R'= Rh COLI 


The depth X g cm-? and the height # cm of a point in the atmosphere 
are connected by the approximate relation 


X = 1000 exp [— bz] 


where b = 1.29-10-5 em-1. On account of variations in temperature and che- 
mical composition the relation is not very accurate for heights above 30 000 ft. 
It follows from (7) that X=1000, AX=8.33 at sea level and that A = 647, 
AX= 5.41 at the altitude of the Jungfraujoch 11000 ft. For a height of 100000 
ft at which balloon flights may take place it is found [11] that Y= 10 so that 
AX = .0833. At sea level and at the altitude of 11000 ft. 


( 2.7-10-4 (pspv), 
a One (psps), 
and at the altitude of 100000 ft. 
[23:10 (pspv), 
= | 8.5-10- (psps). 
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3. Production of negative protons by meson-nucleus collisions. 


The number of z-mesons with energies in the range (e, e+de) produced at 
X, within the distance dX, may be expressed as 


(8) exp [— AX,|n(e)dedX, , 


the exponential arising from the number of incoming nucleons which in col- 
liding with atmospheric nuclei produced the mesons. The energy spectrum 
n(e)de differs for different ranges of e and in addition there is a certain depen- 
dence on latitude. However, in the energy range in which proton pair pro- 
duction is possible (e > 4 Mc?) the latitude dependence is negligible [12] and 
the spectrum may be written 


where the constant C depends on the horizontal area and interval of time under 
consideration. Thus we may replace (8) by 


Y 


( 
(9) exp [— AX,] =, dedt,. 


Ae 


In traversing the atmosphere to the depth X the mesons may be lost by decay 
into p-mesons and by nuclear interaction, while at the same time the energy 
diminishes through ionization. Since the mesons are so energetic, the influence 
of ionization is small and we disregard it. Near the top of the atmosphere, 
e.g. at 100000 ft. altitude the loss by decay is much more important than 
that by nuclear interaction. At sea level and at 11000 ft. the relative im- 
portance of the two processes depends very much on the energy of the mesons. 
We shall neglect the loss by nuclear interaction on the understanding that 
at sea level and 11000 ft. altitude our final result represents nothing better 
than an upper limit for the rate of negative proton production. 

In terms of units of height the number of mesons decays through the factor 


exp 


ue(do — ®) 
Te j 


where tT = 2.6-10-* s is the life-time of the z-meson. Expressed in g ema 
by (7) the exponential factor becomes 


a0) Cer) 
xX +n ie 
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where 


1000 ue? 
: / 
as we see by inserting the values of b and 7. On integrating with respect to 
X, from 0 to X we deduce from (9) and (10) that the total number of mesons 
which arrive at X with energy in the interval (e, e+de) is 


x 


G 3 NO xe k i GC de È 
as def exp 2%) (=) ax, =5 Saxe), 
0 
where 
AX 
sa oes ee . 
HAL, E) = =. exp [— t]t*dt . 


0 
We next consider the production of negative protons by the collisions of 
these mesons with atmospheric nuclei. The cross-section due to a meson 
nucleon collision being much smaller than a(f/uc)*, the effects of the indi- 
vidual nucleons in the nuclei are additive and as before we have a factor 3 
since a proton pair is formed only by a 7*-neutron and a mz -proton collision. 
The number of negative protons produced per g cm? is 


N C î RISE, de 
(11) iz [renexe gs 
Axe? 


where g(e) is the cross-section in cm? for negative proton production by a 
meson-nucleon collision. These cross-sections expressed in units = Udi 
are [13] 
(e) 800f* f 
e) === 

are | 


a V 4eM — M*— 2 log (1 + av 4eM — M*) + 


PES 2 
av eM i (4Me<e<8Mc?, pspv), 


I il + a/teM — M? 


i 2 
“ln E suo =| |, (8 Mc? < e, PSPV), 
€ 
g(e) = II = tg ey (4Mc? <e < 8M’, psps), 


29 {2 =e c LOGS ae a ae log si ; (83Mce? <¢ <2M?c?, psps), 
ae i E 
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N Ar ye 2g" iF eee Do ae Gi € as | 
Eels 2 5 Ms e 5M?| ì E M 2 M? 
e ae 2M | 72,2 e WT 2pn2 y 
se fo} ———_ , 2M? iG < ESS 4 M2c?, IS 8) , 
29° {1 ni QUEI NE 2 Dr Ai AO na 
= do o log — L log 8 — = (log 8); (4M?*c? <e, psps) . 
PI) Spe 3 (log MR A. 


The quantity f(XX, e) in (11) is essentially the incomplete /-function tabu- 
lated by PEARSON [14]. For combinations of ZX and e where the tables are 
of no service we use an expansion for which we are indebted to Professor C. 
LANCZOS, 

[As (AX)? 


f(AX, ©) = exp [— AX] lead EE ike 2) 


On numerical integration we find [15] from (11) that 
a) at sea level 


DE AOC) (PSpv), 


; 9° 1 
1.8-10-8 (4) È (psps); 


b) at an altitude of 11000 ft. 


De Os8C (pspv), 
Mel Sg te 
È -1078(—| C : 
|! I (1) (psps): 
c) at an altitude of 100000 ft. 

lige -10-8C (pspv), 

No == \ = he Ei 3 
3,1 <1078| —) € È 
ae ( to (psps) 


In the psps theory the values of m appear to be not very different for the 
three altitudes. However, on account of the nuclear interactions of the 
m-mesons the values of n, should probably be very much smaller at sea level | 
and 11000 ft. 

To obtain a result independent of C we compare n, with the total number | 
of x-mesons which are produced per g cm-? at the same place X and during 
the same interval of time. In the lower energy range (e < 1.5 GeV) where 
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the spectrum we have employed does not hold, we use the results of OLBERT|12| 
We find that the total number of z-mesons produced per g em-? per second 


2 n 5 
at A may be written 


A AD 10-2 GC. 


On normalization against this expression we obtain: 


Tape I. — Upper limits for the ratio of negative proton production 
uo : Si le? poduption of TT-Mesons. 
pspy i : psps a 
Sea level GEO 5 -10-4 (g*/fic)? 
11000 ft. altitude 2 -10-5 6.4-10-5 (g2/he)? 
| 100000 ft. altitude 1.8-10-7 | 29-10 (g2/he} 


If we accept the pspv theory, it seems unlikely that the negative proton 
I will be found in the atmosphere as the result of a meson-nucleus interaction. 
For g2/ic = 4 the upper limit at sea level in the psps case is about one thir- 
tieth. Since the value of n, at 100000 ft. is about twice its value at sea level 
and since the neglect of nuclear interactions in the upper atmosphere may 
| not cause too great an inaccuracy, we May Say that the number of negative 
protons produced at balloon heights is smaller by a factor one fifteenth than 
| the number of x-mesons produced at sea level. 


| 4. Discussion of results. 


The results given in the preceding sections show that, if the pspv theory 
1 is adopted, the probability of detecting the negative proton in cosmic radiation 
ì is extremely small. 

Although, as was explained in the introduction, experimental results do 
| not seem to favour the psps theory, it may be worthwhile to examine its impli- 
| cations with regard to the production of negative protons. Since the rates 
| of arrival of nucleons near the top of the atmosphere and at sea level differ 
| approximately by a factor e3, i.e. 4000, equation (6) shows that the rate of 
| production of negative protons per 8 em by nucleon-nucleus collisions in 
high balloon flights is approximately one third the rate of arrival at sea level 
of nucleons with energies exceeding 3 GeV. On the other hand we have noted 
| that the rate of production of negative protons in high balloon flights by 
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meson-nucleus collisions is at most one fifteenth of the rate of production of 
z-mesons at sea level. Since a short calculation shows that the rate of pro- 
duction of x-mesons per g cm-? at any depth is below two per cent of the 
number of nucleons arriving there, the rate of production of negative protons 
by meson-nucleus collisions is extremely small as compared with the rate of 
production by nucleon-nucleus collisions. 

The probability of a negative proton being present in cosmic ray showers 
seems rather large in the psps theory. However, even in the case of pseudo- 
vector coupling it would be expected that a negative proton would be present 
in about one in every thousand high energy showers. The examination of 
the particles in showers seems to be the most promising way of detecting the 
negative proton in the atmosphere. The method employed for the study of 
cosmic ray showers could be applied in a simple form to those produced by 
particles coming from high energy accelerators. We then take not the average 
cross-section but the cross-section corresponding to the energy of the bom- 
barding particle. It must be remembered that the values of the cross-section 
will not be accurate near the threshold energies on account of the uncertainties 
implied in the use of the Weizsacker-Williiams method. 

When a negative proton is produced it may be difficult to identify it. If it 
is very slow, it may be annihilated before it emerges from the nucleus and, if 
it is fast, its track may be indistinguishable from those of other fast particles. 
In particular it will be difficult to distinguish it from that of the negative 
hyperon. Nevertheless it may be hoped that the use of high energy accele- 
rators will decide the question of the existence of the negative proton. 


We are indebted to Professor C. B. A. McCuskrrR and Professor 0. O°CRAL- 
LAIGH for information regarding cosmic ray experiments. We also wish to 
thank Professor W. HEITLER for helpful comments. 
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The Interpretation of the New Particles 
as Displaced Charge Multiplets. 


M. GELL-MANN-{*) 


Institute for Advanced Study, Princeton, N. J. 


1. — Introduction. 


The purpose of this communication is to present a coherent summary of 
the author’s theoretical proposals [1] concerning the new unstable particles. 
| Section 2 is devoted to some background material on elementary particles; 
the object there is to introduce the point of view adopted in the work that 
follows. In Section 3 the fundamental ideas about displaced multiplets are 
given, and in the succeeding section these are applied to the interpretation of 
known particles. A scheme is thus set up, which is used in Section 5 to predict 
certain results of experiments involving the new particles. 


2. — General remarks on elementary particles. 


21. Particle and antiparticle. — We begin by accepting the postulate that 
physical laws are invariant under the operation of charge conjugation, which 
carries every microscopic system into a corresponding charge-conjugate system, 
with equal and opposite charge and magnetic and electric moments. The 
charge-conjugate of a particle will be referred to as its « antiparticle ». The 
invariance principle then requires particle and antiparticle to have the same 
mass and lifetime, charge-conjugate decay products, and so forth. If the 
electric charge is zero, particle and antiparticle may be identical; such is the 
case with the photon and neutral pion, but not with the neutron, which has a 
magnetic moment. 


(*) Now at Department of Physics, California Institute of Technology, Pasadena, 
California. 5 : 
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ors) Yin x ge a ee. È a 
2:2. Groups of particles. — The particles of atomic physics seem to fall 
into four groups 


(A) The heavy particles or « baryons », including the neutron and proton 
and all known hyperons, and their anti-particles, the « antibaryons ». 
All these are fermions obeying an overall conservation law which is, so 
far as is known, exact, viz: the quantity n, the number of baryons minus the 
“number of antibaryons, is conserved in all physical processes. 


(B) The light fermions or « leptons », including the muon, the electron, 
and the neutrino. If K-particles exist that are fermions, they presumably 
belong in this category. 


(C) The « mesons ». The term «meson » will be used here to denote 
pions and heavier bosons exclusively. The muon, for example, is then not a 
«meson » but a «lepton ». 


(D) The photon. 


23. Types of interaction. — The interactions amongst elementary par- 
ticles seem also to have a natural classification. There are three types: 


(i) The strong interactions, confined to baryons, antibaryons, and me- 
sons. These are responsible for nuclear forces and the production of mesons 
and hyperons in high energy nuclear collisions. 


(ii) The electromagnetic interaction, through which the photon is linked 
to all charged particles, real or virtual. 


(iii) The weak interactions, responsible for f-decay, the slow decays of 
hyperons and K-particles, the absorption of negative muons in matter, and 
the decay of the muon. 


We will adopt the point of view that nature is most easily described by a 
sequence of approximations. In the first of these, interactions of types (ii) 
and (iii) are «turned off ». Leptons and the photon are then totally non- 
interacting. Baryons, antibaryons, and mesons undergo reactions and trans- 
formations obeying laws peculiar to the strong interactions, while decays 
involving leptons and photons cannot, of course, occur. In the second appro- 
ximation, the charges of particles are turned on, $0 that types (i) and (ii) are 
effective, but still not (iii). The processes involving baryons, antibaryons, 
and mesons are now modified by electromagnetic effects, and decays involving 
photons are permitted. The leptons remain uncoupled except for electromag- 
netism. In the final approximation, which is as exact a description of matter 
as we can conceive of at present (apart from gravitation), the weak interactions 


are turned on. 
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24. The ordinary particles; charge independence. — We shall refer to the 
nucleon (97), the antinucleon (97), and the pion (z) as « ordinary particles » to 
distinguish them from the «strange particles », K-particles and hyperons. Let 
us review here some conventional theoretical ideas about these ordinary par- 
ticles, ignoring the strange ones for the time being. 

The first approximation, in which only the strong interactions appear, is 
characterized by the stability of 97, 97, and x (since electromagnetic and leptonic 
decays cannot occur) and also by the principle of charge independence or con- 
servation of isotopic spin, which we go on to describe. 

Each real or virtual particle carries an isotopic spin vector I, and the total I 
is exactly conserved. Each particle belongs to a rigorously degenerate mul- 
tiplet with an isotopic spin quantum number I and multiplicity 2/41. The 
components of each multiplet are distinguished in charge by the e-component 
of the isotopic spin vector and are spaced one charge unit apart, with increasing 
charge corresponding to increasing /.. The center of charge, or average charge, 
of the multiplet varies. For the nucleon doublet, the center is at e/2, for the 
antinucleon doublet at — e/2, for the pion triplet at 0. We may summarize 
the distribution of charges by the relation 


(261) Q/e = I, + at 

where @ is the charge and n is defined as in (A), so that here it means the 
number of nucleons minus the number of antinucleons. Since Q, J, and » are 
all additive, equation (2.1) holds for any system of ordinary particles, for 
example an atomic nucleus. The center of charge of a multiplet is always (n/2)e. 

In the second approximation, the electromagnetic interaction, which is of 
course charge-dependent, is turned on. The conservation of 7? is then violated. 
Moreover, the isotopic spin degeneracy is lifted so that a mass difference ap- 
pears between the charged and neutral pion and between the neutron and 
proton [2]. (The assumption that these mass differences are electromagnetic 
in origin is somewhat controversial and not essential to our arguments, but 
we shall adopt it anyway as fitting in well with the general point of view). 
The electromagnetic interaction also induces the decay of the neutral pion 
into two y-rays. 

Finally, with the turning on of the weak interactions, the 8-decay of the 
neutron becomes possible and also the decay of the charged pion into muon 
and neutrino or into electron and neutrino. (The latter process has never 
been detected with certainty and is apparently very rare.) 


2°5. Rapid, electromagnetic, and slow processes. — We may use the ordi- 
nary particles to illustrate some important distinctions of which we will make 


| 
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further use. A process that can occur in the first approximation will be called 
«rapid». Similarly, one that can occur in the second but not in the first 
approximation will be known as an « electromagnetic » process. A process 
that can take place in the third approximation only will be called « slow » (*). 

Let us now examine some decay processes among the ordinary particles. 
The nucleon «isobar» that supplies the resonance in pion-nucleon scattering 
in the state with /= 3 and J= 3 may be thought of as a particle that dis- 
integrates into nucleon and pion with a lifetime of the order of 107?* seconds. 
This decay is fully allowed by conservation of I and is induced by the strong 
interactions; it is a typical rapid decay. The order of magnitude of the life- 
time is given by the nuclear dimension divided by the velocity of light, since 
there are no important effects of barrier penetration or of unusually limited 
available volume in phase space. 

The decay of the neutral pion is impossible in the first approximation 
since there is no lighter meson for it to turn into. With the turning on of 
charges, however, its decay into y-rays becomes possible; that process is thus 
« electromagnetic ». The lifetime should be of the order of (e?/hce)? times 10-7? 8 
but is actually much longer (~ 107!* s) for reasons that are not entirely clear. 
(A simple perturbation theoretic calculation in meson theory gives — 10717 s). 

The charged pion cannot decay even in the second approximation since it 
must emit a lighter charged particle. The weak interactions, of course, induce 
a «slow» leptonic decay. The lifetime is now very long (~ 10-* s) because 
the coupling constant of the weak interactions enters. 

In high energy collisions, as opposed to decays, the rapid processes are usually 
the only ones observed (for example, pion production in nucleon-nucleon col- 
lisions.) Some electromagnetic processes are detectable in high energy col- 
lisions (particularly when a photon is the bombarding particle, as in the photo- 
pion effect.) Slow processes, however, are generally out of the question as 
regards observation on account of their tiny cross-sections. (For example, 
we should not expect to observe direct electron and neutrino production in 
nuclear collisions.) It is fair to say, then, that interactions of type (ili) can 
be ignored in collisions. 


3. The principal features of the model. 


31. Generalized charge independence; displaced multiplets and strangeness. 
_— The first assumption on which our interpretation of hyperon and K-particle 


(*) Among the slow processes are some, such as the the radiative decay 7->-u+vT%Y, 
which require the intervention of both weak and electromagnetic effects. These might 
be called «slow electromagnetic » processes. 
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phenomena is based is a generalized principle of charge independence. We 
postulate that isotopic spin is exactly conserved in the first approximation not 
only for ordinary particles but for the entire complex of baryons, mesons, and 
antibaryons. In other words, all strong interactions are supposed to be charge 
independent, and all baryons, mesons, and antibaryons are supposed to be 
grouped in charge multiplets. 

| We abandon, however, the restriction given by equation (2.1) on the loca- 
tion of the center of charge of each multiplet. While retaining the principle 
that Q/e be given by (7.4 constant) for each multiplet, we do not require that 
the constant be n/2, but allow it to be arbitrary. We shall write this arbitrary 
constant, which specifies the center of charge of the multiplet, as n/2+-S/2, 
where S is integral. We have, then, in place of equation (2.1) the relation 


(3.1) Q/e = I, 43 +30 


~ 
~ 


where S may vary from multiplet to multiplet. 

The ordinary particles are characterized, then, by having S = 0. A par- 
ticle with S+~0 is a member of a « displaced » multiplet, with center of charge 
at a position different from that with which we are familiar among the ordinary 
particles. For example, we might find a baryon triplet consisting of a positive, 
a neutral, and a negative member. The center of charge is at zero rather than 
ge as it is for the nucleon doublet. The corresponding value of S is — 1. 

We propose to identify all known hyperons and K-particles as members 
of displaced multiplets and to account for some of their properties in that way. 
Since whe have S = 0 for ordinary particles and S= 0 for « strange » ones we 
refer to S as «strangeness ». 

It should be remarked that in (3.1) the quantities Q, I. and n all change 
sign under charge conjugation, so that S must also. 


3'2. Conservation of strangeness; laws of stability and associated pro- 


REP 


duction. — In the first approximation, our principle of generalized charge inde-. 


pendence implies the usual selection rules and intensity formulae characteristic 
of isotopic spin conservation, as well as the rigorous degeneracy of charge 
multiplets. Most of these rules become approximate when the electromagnetic 
interactions are turned on. Let us concentrate our attention on one that, as 
we shall see later, remains rigorous in the second approximation. That one is 
the conservation of strangeness (*), which follows from the conservation of I. 
by the strong interactions, the exact conservation of Q and n, and equation (3.1). 


(*) It should be emphasized that the conservation of Strangeness is nothing but 
the conservation of I, restated in a more convenient form. 


Rates: 


> 
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The conservation of strangeness give 
effects: 


rise to two important qualitative 


1) The law of stability: A strange particle cannot decay rapidly into 
ordinary ones. 


2) The law of associated production (*). In a collision of ordinary part- 
icles, there can be no rapid formation of a single strange particle; there must 
be at least two of them and the total strangeness must be zero. 


These laws, while merely special cases of the conservation of S, are quite 
striking. It is the law of stability that gives us a clue to understanding the 
long lifetimes of the new particles. That the metastability of the particles 
would be coupled with associated production has been predicted by a number 
of physicists [3]. 


3°3. Minimal electromagnetic interaction. — We still need, of course, the 
result that the conservation of S remains valid in the second approximation, 
so that the decay of strange particles is a slow process, induced only by the 
weak interactions. This result cannot be proved without an assumption about 
the nature of the electromagnetic interaction. 

We shall postulate a principle that is given wide, though usually tacit 
acceptance, that of minimal electromagnetic interaction. Before attempting 
to state the principle, let us illustrate its application to two familiar examples. 

It is possible to describe the « anomalous » magnetic moments of the neutron 
and proton by introducing a specific interaction of the Pauli type between 
the spins of these particles and the electromagnetic field. In the language of 
field theory, one adds to the Lagrangian density a term of the form yy, y+ 
+y UF YL» Where the y’s are constants, F’,, is the electromagnetic field 
strength tensor, and the y’s are field operators describing proton and neutron. 
However, this description is not usually adopted, except in frankly pheno- 
menological discussions. It is supposed instead, following Wick [4], that the 
anomalous moments appear as a result of the virtual dissociation of the nucleon, 
say into nucleon plus mesons. The interaction of the electromagnetic field 
with the charges and currents in the dissociated system appears in some res- 
pects like a Pauli interaction with the nucleon spin. The important point is 
that, having introduced the Yukawa hypothesis of a meson cloud around the 
nucleon, one does not need any special electromagnetic interaction. The usual 
coupling of the electromagnetic field to the nucleon and meson fields is sup- 
posed to be sufficient. 


(*) This very apt name seems to have originated with Dr. M. G. K. MENON. 
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The second example is the decay of the neutral pion into two y-rays. We 
may account for this process too by means of a special interaction. If g is 
the field operator describing the 7°, we may write the interaction Lagrangian 
density as KgF®F,,. Here A is a constant and the star indicates the dual 
of the field strength tensor. Here again such a description is not customary 
except as a phenomenological device. Instead it is believed that the decay 
is due to the virtual dissociation of the pion, say into proton and antiproton, 
and that the electromagnetic field enters only through its customary inter- 
action with the charged virtual particles involved. 

We may state the principle involved roughly as follows: The photon pos- 
sesses no interactions except the usual one with the charges and currents of 
real and virtual particles. Within the framework of present-day local field 
theories, we may give a more precise statement: Given the Lagrangian with 
all electric charges turned off, but all other effects included, the coupling of 
the electromagnetic field is introduced by making the substitution 


) 
) 


(3.2) a eat SO a) 


OE, iis, 


whenever the gradient occurs acting on a field operator (Q being the charge 
of the partiele annihilated by the field operator in question); there is no other 
electromagnetic interaction. 

It is now easy to show that the conservation of S remains valid in the 
second approximation. Since for each multiplet we have Q = J,+ const and 
since the electromagnetic coupling is through the charge alone, the coupling 
Hamiltonian transforms in isotopic spin space like a function of J, and thus 
commutes with the total /.. It follows, that /. is conserved even after the 
charges are «turned on»; and so, according to (3.1), S is conserved, too. 

It is instructive to see how, if the electromagnetic coupling is not minimal, 
conservation of strangeness may be lost in the second approximation. Let 
us imagine a charged meson field with strangeness +1 for the positive par- 
ticle, B*, and, correspondingly, — 1 for the negative one, B-. Let us further 
suppose for simplicity that the field is scalar. Now since we are dealing with 
a Strange particle the virtual dissociation p >n + Bt is forbidden in the 
first approximation. We could, however, by introducing a special electro- 
magnetic interaction, allow the dissociation to occur with the emission of a 
photon, p-+>n + Bt + y.. We might take for the interaction Lagrangian 
density an expression of the form 


(3.3) Kp0,WXFn + 0.0. 


The forbidden dissociation could now take place in two steps: p>n + Bt+ vY 
and then Br+ y + B*. Instead of being a slow process, p+n + B+ would 
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be an electromagnetic one. It is in order to avoid situations like this that 
we require the electromagnetic interaction to be minimal. 


3'4. The violation of S-conservation by the weak interactions. — The weak 
interactions are responsible for three sorts of processes: those involving leptons 
alone, like the decay of the muon; those involving only strongly interacting 
particles (*), like the decay of the A° into proton and negative pion; and those 
connecting leptons with strongly interacting particles (*), like the decay of 
the charged pion or of the neutron. 

We need not concern ourselves with the first sort, since our purpose is to 
discuss hyperons and K-particles. The second sort of process is of considerable 
interest to us, however. We recall that the proposal is advocated here that 
the long lifetimes of such particles as the A° are to be attributed to their having 
S +0, so that the decay into ordinary particles is forbidden in the first and 
second approximations. The decay does, however, occur in fact, though slowly. 
We must suppose, therefore, that in such decays as A° > p +7 the con- 
servation of strangeness is violated by the weak interactions. The weak inter- 
actions involving strongly interacting particles are thus charge-dependent; they 
do not conserve isotopic spin. Indeed, they do not conserve even the 2-com- 
ponent of the total isotopic spin, as the electromagnetic interactions do. 

The last sort of process, like the second, provides slow decay modes for 
particles that would be stable in the absence of the weak interactions. In 
this case, however, the decay products include leptons, for which isotopic 
spin and strangeness are probably not well-defined concepts. An example 
va events; in which a strange 


meson apparently decays slowly into a muon and a neutrino, 


amongst the new particles is provided by the K 


| 4. — The classification of known particles. 


We must now investigate whether the properties of known hyperons and 
K-particles are consistent with the principles of Section 3. Let us concentrate 
our attention first on hyperons. 


4°1. The A® singlet. — If the A°-particle is to be considered a member of 
a charge multiplet, that multiplet must surely be a singlet, since no charged 
counterpart of the A° has ever been found with similar mass. (The lightest 
charged hyperons known are heavier by more then 150 electron masses). A 


(*) Le., baryons, antibaryon, and mesons. 
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neutral singlet is perfectly satisfactory, of course, and corresponds to a strange- 
ness of minus one. The metastability of the A° is then explained; since it is 
the lightest hyperon, and since it is lighter than a nucleon plus any K-particle, 
it cannot decay without violating the conservation of strangeness. The slow 
decay into ordinary particles (nucleon plus pion) is induced by the weak inter- 
actions. 


4°2. The X triplet. — The lightest known hyperons after the A° are the 
charged particles called E+ and X~, which decay slowly into nucleon and pion 
like the A° but with a much higher Q-value (~ 115 MeV). Since no doubly- 
charged hyperons have been observed, we are forced to class the & as a charge 
triplet, including a hypothetical X°. The strangeness of the X is then minus 
one like that of the A. The metastability of the &*+ and X7 can be understood 
since there is not enough energy for 97+K nor for A-+7. For the Y°, the 
situation is different. While 97+K and A+7z are still energetically impos- 
sible modes of decay just as for the charged Y, there is the possibility of an 
electromagnetic decay X° > y+A°, and & and A have equal strangeness. 
Thus we do not expect Y° to be metastable but rather to have a lifetime 
~ 10-2" s, and we can understand why it has not been discovered in the same 
way as the A°. The experimental detection of the X° will be discussed in the 
next section. 


4°3. Cascade hyperons. — The existence of one other hyperon is well estab- 
lished, and that is the negative cascade particle #7, which yields A°+7- in 
a slow decay. No positive or doubly charged counterpart has been found, 
and so we have two choices for the assignment of the &: it can be a singlet 
with strangeness minus three, or it can form a doublet with strangeness minus 
two along with a hypothetical 2°. With either assignment we can understand 
the metastability of the &, since there is not enough energy for the emission 
of a K-particle, and the decay, into 97, A or X with the emission of pions or 
y-rays is forbidden by conservation of strangeness. 


44. The rule AS = + 1; the & doublet. - We may choose between the 
two possible assignments if we add a new principle to those of Section 3. 
We begin by remarking that while the process E° +>n- + A° has been ob- | 
served about a dozen times, there is no evidence for E > x- + n. Let us 
suppose that the latter does not in fact occur. Then apparently there is a rule 
governing the change in strangeness when the weak interactions act to induce. 
the decay of a strongly interacting particle into other strongly interacting | 
particles. Now we know that in the decay of the A into nucleon and pion, 


the strangeness changes by one unit. The only simple rule there could be is. 


- | 
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thus (*) 
(4.1) AS =-+1 or JAE = ER 
We are then forced to assign S =—2 to the cascade particle. The slow 


decay into a A is consistent with (4.1) and the unobserved slow decay into 
a nucleon is not. The =° must exist, according to this assignment, dui we 
can easily see why it has not yet been observed; the only slow decay consis- 
tent with (4.1) is (+) | 


| (4.2) Ros Ao4 n. 


4°5. K-particle doublets. - We may now turn to the heavy mesons. In 
view of our rule (4.1), any K-particle that decays into pions with a typical 
strange particle lifetime must be assigned S = +1. Since no multiply 
charged mesons are known, there is only a single possibility for the isotopic 
| spin assignments of such mesons, viz: a doublet with S = - 1, consisting 
of a positive and a neutral member (K* and K°), and the charge-conjugate 
doublet with S =—1, consisting of a negative and a neutral membr (K° 
and K°). The K® and the K° have opposite strangeness and thus cannot be 
i the same particle; the consequences of this situation have been explored in 
| another publication [5] and will not be treated fully here. Suffice it to say 
| that present direct experimental evidence cannot decide for or against the 
| hypothesis that strange neutral mesons possess distinct anti-particles. 


46. The 0 doublets. — The 0° is presumably a member of a pair of doublets 
| such as we have described. The existence of charged countersparts 0* and 07 
i is now fairly well established. Of course without experimental proof that 
i the 0° and 6° are distinct, one might try to treat the 0 as a charge triplet, but 
| that would clearly be totally inconsistent with the point of view developed here. 
The metastability of the 0 is evident in our picture, provided there is no 
| lighter meson of the same strangeness. We must look into this point care- 
fully, and examine all known decay modes of K-particles to see how many 
distinct varieties of heavy mesons there may be. 


4:7. The <-meson. — Besides the 0*, at least one other charged meson of 
roughly the same mass is known: the z-meson, which decays into three pions 


(*) The rule 4S = +1 applies when the weak interactions act once in the sense 
of perturbation theory. A decay in which they act twice could, of course, have 
AS = +2 but the lifetime for such a process would be very long, say a second or even 


a day. 
(+) There are also the slow electromagnetic decays 2° — Ye+y and He > 2°+y. 
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rather than two. The work of DALITZ on the 7-meson decay spectrum indi. 
cates that the 0 and 7 have different parity and/or spin and thus cannot be 
merely two decay modes of the same particle. 

Thus we expect a second pair of doublets, 7*, +, x, and t-, with strange- 
ness +1 like the 0. The neutral partners, if they are as long-lived as the 
charged ones, could easily have escaped definite identification. 

The reason for the similarity in mass of the 7 and 6 is of course completely 
unknown, but there is a further puzzle. The masses are presumably not 
exactly equal, and there is the possibility of electromagnetic decay of the 
heavier into the lighter, fully allowed by conservation of strangeness. Since 
both the 7 and 0 are metastable, something must inhibit such electromagnetic 
decay so that it takes at least 10-°s to occur. It may be that the mass diffe- 
rence is very small, considerably smaller than 1 MeV, say; or it may be that 
the + and 0 are both spinless (the + pseudoscalar and the 0 scalar), in which 
case we are dealing with a 0 — 0 transition. 


48. Leptonic decays. — Three leptonic decays of K-particles are known: 


(4.3) Ie AR 
(4.4) x —->u-+ 2 newtrals, presumably x >uHtv4©0 
(4.5) Kg >e +2 neutrals, presumably K,>e+v-+7°. 


All of these particles are of roughly the same mass as the 7 and 0 and may 
represent simply alternative decay modes of those mesons. If they are really 
distinct particles, then further theoretical problems of degeneracy and electro- 
magnetic stability are presented. It is clearly most important to have an 
experimental determination, for example by accurate lifetime or mass measu- 
rements, of how many different mesons there are with masses close to 1000 m,. 
In the meantime, the simplest assumption is surely that there are only the 0 
and the 7 and that leptonic decays compete with decays into pions. 
Leptonie decays of hyperons, for example 


(4.6) A°>pte sty, 
should presumably occur also. They may compete less favorably with pionic 


decays than the corresponding processes for K-particles and so have escaped | 
observation. | 


49. Summary. — We have identified, among the hyperons, a singlet. with 
S =—1 (A°), a triplet with S=—1 (2+, 2°, D>), and a doublet with 
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§ =—2 (2°, &-). Among the K-particles, we have the 0 and 6 doublets 
(with S= +1) and the 7 and 7 doublets (with S=+1). 
We have noted the phenomenological law that AS = +1 (Al, = +4) 


for slow decays within the complex of baryons, mesons, and antibaryons. 
Leptonic decays, also induced by the weak interactions (and for which AS 
is not a well-defined quantity if we include the leptons), may compete with 
these processes. 


5. — Predictions of phenomena involving the new particles. 


5°1. Conservations of Strangeness in 7-9 and N-9IT Collisions. — We have 
lready remarked that in 7-97 and 97-9 collisions, since the total initial strange- 
ess is zero, strange particles must be produced at least two at a time, and the 
um of their S-values must be zero. Now that we have assigned values of S 
o all known strongly interacting particles, we can list which reactions are 
allowed (A) and which forbidden (F) by conservation of strangeness (*). It 
should be remarked that any number of z’s may be added to the reaction 
products in each case without changing the designation (A) or (Ff). 
In the list that follows we shall ignore all reactions in which a single strange 
particle is produced, since those are obviously forbidden. We shall use the 
symbol B to denote 0°, 6+, 7°, or 7*, and B to denote 6°, 0-, 7° or +. 


x49 —>A -+B or L+5 (A) 
Ghd A+B or 2+ B (F) 
eo oO 39 B+.B (A) 
oe Oh Bs Bors D+ B +4 B (P) 
PESI 2. B (FP) 


(*) If the designation (A) is taken to mean that a reaction so labeled will naturally 
becur with an appreciable cross-section, then use is being made of what we may call 
she « Principle of Compulsory Strong Interactions ». Among baryons, antibaryons, 
land mesons, any process which is not forbidden by a conservation law actually does 
take place with appreciable probability. We have made liberal and tacit use of this 
» ssumption, which is related to the state of affairs that is said to prevail in a perfect 
totalitarian state. Anything that is not compulsory is forbidden. 

Use of this principle is somewhat dangerous, since it may be that while the laws 
‘proposed in this communication are correct, there are others, yet to be discussed, which 


forbid some of the processes that we suppose to be allowed. 
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(5.6) Tg eb (FP) 
(5.7) ro 7 See Baw (F) 
(5.8) mt +908- BEBE (F) 
(5.9) at >= 4 B= B (A) 
(5.10) > =A + A x0r AED or LD (F) 
(5.11) GT 2-2 \ LI GE B ory LIO (A) 
(5.12) GL IUSR AEB ESE (F) 


The reader may easily extend this list to cover all reactions that can be 
written down. Let us notice that among those we have included are some 


~ 


striking predictions. From (5.1) and (5.2) we see that the reaction 77 + p > 
+> > + 6+ is allowed, while the reaction x- + p > &* + 07 is forbidden. In 
fact, the threshold for 0° production is much higher than that for 0* produc- 
tion. While a 0* may be made with the conversion of a nucleon into a hype- 
ron, a B_ can only be made along with a B° or a Bt (*). 

From (5.10)-(5.12) we see that the threshold for strange particle production 
in 7-2 collisions is much higher than one would have guessed if one knew 
only that two strange particles must appear. The reactions with the lowest 
thresholds (97 + 27 + two hyperons) are all forbidden, and strange particles 
can be produced only when there is enough energy for the process 97 + 97 + 
>A +90+B. 

We may remark, too, that in order to produce a # two B-mesons must 
be made at the same time (see (5.5)-(5.9)). Thus the threshold for E produc- 
tion is very high indeed. 

From (5.1) we observe that besides the reaction 


(5.13) az p = A® = 6° 
there is also the possibility of 


(5.14) m + po Xe + § >Y + A°+4 0° 


as well as 


(5.15) n+p>A°+rn0+0, 


(*) Unless there exists a hitherto undiscovered hyperon of positive strangeness. 
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Now process (5.14) affords a possibility of detecting the X° experimentally [5]. 
In a magnetic cloud chamber it resembles (5.13) but with an apparent lack 
of conservation of energy and momentum. Of course careful observation is 


necessary to establish the effect and to distinguish it from (5.15), which looks 
similar. 
5:2. The absorption of negative strange particles in nuclear matter. — We 


are able to predict in general terms what will happen when a negative strange 

particle comes to rest in matter, and thus in the vicinity of a nucleus. In all 

such cases that are known there is a rapid exothermic process that can occur. 

Slow processes, such as spontaneous decay, will not be able to compete. The 

situation is similar to that of a stopped negative pion, which can undergo 

rapid absorption by a nucleus and thus does not have the opportunity to decay. 
For the =~ particle, there is the allowed reaction 


(5.16) x +p->Af+n 


_ 


which releases about 80 MeV of kinetic energy. For the &-, there is the process 
(17) = +po>A°+4A° 


with a Q-value of about 30 MeV. These energy releases are much less than 
what one would expect in each case if the hyperon were to decay and the 
emitted pion were to be absorbed by the nucleus, a course of events that we 
predict will not take place. (The energy released in such a situation would 
be about 250 MeV for the © and 200 MeV for the .) It has been pointed out, 
however, by M. G. K. MENON [7] that in reactions (5.16) and (5.17) (parti- 
cularly (5.17)) an emitted A° may become trapped in the nucleus (as in the 
so-called « hyperfragments ») and much later undergo a decay, releasing 
176 MeV in the form of a pion and kinetic energy. If this pion is in turn 
absorbed by the nucleus, the full 176 MeV may appear as kinetic energy be- 
sides the Q-value of (5.16) or (5.17). 

A 07 or a #7 particle (for which we shall use the symbol B-) may be ab- 
sorbed rapidly through reactions such as 


(5.18) B + p-> A° + kinetic energy 
(5.19) Baars de 
(5.20) Boe ia e 
(5.21) Da * perc To. 
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(5.22) Br+tp>2° + >Y PA 
(5.23) B4po>A0+7nt+7° 

(5.24) B+n>A0+7 

etc. 


It is to be expected that processes such as (5.16), (5.17), and (5.19) in which 
the products are neutral may often lead to zero prong stars in photographie 
emulsions. 


53. Binding of strange particles to nuclei; hyperfragments. — We have 
seen that the known negative strange particles cannot form metastable com- 
binations with nuclei, but are instead rapidly absorbed. It is known, though, 
that the A° does form such combinations, the « hyperfragments », in which 
the hyperon is bound by nuclear forces to nucleons. The metastability of the 
fragments containing A°’s is perfectly comprehensible in our scheme. The 
bound A° cannot undergo a rapido exothermic reaction in nuclear matter since 
there is no lighter system of the same strangeness. It thus survives until is 
decays spontaneously. The pion released in the decay may emerge or may 
be absorbed by the nucleus. 

We may now inquire whether any other particles may form « fragments » 
besides the A°. It is easy to show, by exhibiting reactions such as (5.18)-(5.24), 
that no other known hyperon and no B particle can be metastable in the pre- 
sence of nuclear matter containing both neutrons and protons (*). The B par- 
ticles (0°, 0+, 7°, 7*) may, however, form metastable bound systems with nu- 
clear matter provided their nuclear forces are attractive and strong enough to bind. 
The strangeness of a B-particle is +1 and no way is known for this strange- 
ness to be conserved in an exothermic reaction with nucleons. Of course it 
may be that a hyperon Z of strangeness +1 will be discovered; in order to 
be metastable, its mass must be less than the mass of a nucleon plus the mass 
of a B meson. If Z exists, then a B meson is no longer metastable in nuclear 
matter; however, Z is. 

There are special cases in which heavy hyperons may form fragments. 
Dr. W. HoLLADAY has pointed out [8] that in our scheme a 27 or E may form 
a metastable fragment with neutrons alone. (Reactions (5.16)-(5.17) cannot 
then take place.) The same is true of a E° or + and protons alone. 


54. Interactions of strange particles in flight. - We have shown that very 
slow strange particles interacting with nuclei should exhibit two types of 


(*) The reader will notice the appeal to the « Principle of compulsory strong inter- 
actions ». 
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behavior: A®”s and B mesons should retain their identity until they decay 
spontaneously; heavier hyperons and B mesons should be readily absorbed 
by the nucleus through reactions like (5.16)-(5.24). The same is true of inter- 
actions in flight of strange particles of moderate energy. Thus we expect 
B mesons to be scattered by nuclei (with or without excitation of the nucleus) 
but B mesons to be either scattered or absorbed. 

As an application of this type of reasoning, let us consider the production 
of (A, 0) pairs by negative pions impinging on nuclei through the reaction 


(5.25) ors DER, 10) RZ AO LL 60 A 


In hydrogen gas, each A° should be accompanied by a 0°. (Of course each 
particle may have some decay modes that are invisible, such as the process 
A°>n<+ 7°.) We may inquire also what happens in a block of lead (*). 
The A° and 6° may each suffer nuclear interactions before emerging. But in 
our theory, neither the A° nor the 0° can be absorbed [9]. Instead, the 0° may 
undergo charge exchange scattering and turn into a 0*, which may be 
undetectable as such in certain experiments. Thus we would find a lower 
ratio of 0°’s to A°’s in lead than in hydrogen gas. Actually, the A°, if 
sufficiently energetic, may undergo a sort of inelastic charge exchange scat- 
tering through the processes 


(5.27) Aot+p—oht4+n. 


Also, the A° may occasionally be trapped and form a hyperfragment. These 
processes may not be so important, though, as the charge exchange scattering 
of the 0. 


55. Consequences of the conservation of total isotopic spin. — So tar in 
this chapter we have concerned ourselves exclusively with consequences of 
the conservation of strangeness Or, what is the same thing, the conservation 
of the z-component, I., of the total isotopic spin. We have postulated, how- 
ever, that /? is conserved as well, although here corrections appear due to 
electromagnetic effects. We may now turn our attention to what follows from 
the fact that I? is a good quantum number for the strange particles. 

One aspect of this situation has been investigated by DALITZ [10], who has 
listed the possible charge multiplets among the light hyperfragments, using 
our assignment of [=0 to the A°-particle. He remarks, for example, that 
the existence of ‘He*, (composed of a A°, a neutron, and two protons), for 


(*) Such an experiment has been performed by L. LEDERMAN (private communica- 


tion). 
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which there is some experimental evidence, implies the existence of 4H* (com- 
posed of a A°, two neutrens, and a proton) with roughly the same binding 
energy. 

Besides implying the existence of multiplets, the conservation of I? must 
yield selection and intensity rules such as we are familiar with among the 
ordinary particles. We shall mention at this point some of the more conspi- 
cuous ones involving the strange particles. In an obvious notation, we have 


= 
OU 
ix 
oo 

_ 


do(x- + p > A® + 6°) = do(xt + n> A®X+ 61) 
or, what is perhaps more useful, 


(5.29) do(r- + d > A®° + 6° 4+ n) + do(x* + d > A°+ 0+4 p). 


Similarly, we have the relations 


(5.30) do(ix + p> 2 + xt) =do(xt +n>Xt+ 7) 
and 
(5.31) dor +d->% +nt>4+n)=do(r++d>tt+n-4p). 


Another such pair of equations concerns the absorption of negative K-par- 
ticles: 


(5.32) do(K + p> A°®°+ 7°) = t¢do(K +n—>A°4+7) 


and 


(5.33) do(K+d->A°+n+7r°)=}do(K+d>A/°+p+r). 


For the production of (A, 0) pairs in nucleon-nucleon collisions we have the 
equation 


(5.34) do(n + d >A°+ 0° + d) = do(p + d > A® + 6+ + d) 
and the inequality 


(5.35) do(n +p>A°+0°+p)+do(n+p->A°+0+t+n)> 
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APPENDIX 


Can other particles be accomodated in the scheme? 

One is tempted to ask whether, if more particles are discovered, they can 
fit into the picture that we have developed. Let us ask in particular what 
possibilities there are for more particles without introducing multiple charges. 

Among baryons we have already a doublet with S = 0 (97), a singlet and 


a triplet with S =— 1 (A and x), and a doublet with S =— 2 (E). The only 
other possibilities are evidently a singlet with S = — 3, which we may call 


and a singlet with S = + L, which we have considered briefly in the text 
and called Z+. In order to be metastable, Zt must have a mass lower than 
the sum of the masses of 9 and B; similarly, the mass of O must be less 
than the sum of the masses of & and B. According to the rule AS = = 1, 
the Z* would decay into a nucleon and a pion (or a proton and a y-ray if there 
is not enough energy for a pion). The Q7 would decay into a & and a pion 
(or y-ray). If there is enough energy, the Q- could also decay slowly into a 


Banda A or . 

Among mesons we have already a triplet with S = 0 (x) and two pairs 
of doublets with S= +1 (9 and 0, 7 and 7). We might also have a pair 
of singlets with S = = 2 (say wt and w). For metastability, the mass of @ 
must be less than that of two B’s. The wt would decay into a B plus a pion 
or y-ray and the @- into a B plus a pion or y-ray. 

It is an interesting exercise for the reader to ascertain under what circum- 
stances the hypothetical Q and © particles could form metastable hyper- 
fragments. 

We have not discussed the possibility of duplication (that is, two multiplets 
with the same n, I and S) except in the case where nature has apparently 
forced it upon us (the case of the 0 and 7). In order that the heavier of the 
duplicates be metastable against y-decay to the lighter, special circumstances 
must prevail: for example, the 0 and 7 have a small mass difference and perhaps 


the transition is 0 > 0 as well. 
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Analysis of Properties of Secondary Particles 
in Nucleon-Nucleon Collisions at Very High Energy. 


M. ScHrIn, R. G. GLASSER and D. M. HASKIN 


Department of Physics, University of Chicago - Chicago, Illinois 


[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 2, 647 (1955). Qui riportiamo il riassunto e la discussione 
cui il lavoro stesso diede luogo. V.d.R.}. 


Summary. — Momentum measurements were made on the individual secondary 
particles emitted in the «outer» cone of the S-star. A lower limit to the momentum 
of the particles in the «inner» cone was obtained. The transformation from the 
laboratory system to the center of mass system can be made, using suitable approx- 
imations, on the assumption that all charged secondaries are pions. This leads to a 
symmetrical angular and energy distribution with all particles included in a forward 
or backward cone of half-angle 20°. The results are compared with various multiple 
production theories. It is possible to infer that there is no more than one pair of 
particles of protonic mass among the secondaries and that even the presence of one 
pair would violate symmetry. The number of K-mesons must also be small. The 
methods of analysis should be useful on other events in this energy range. 


INTERVENTI E DISCUSSIONI 


— W. HEISENBERG: 

I would like to emphasize the importance of such measurements at very high energy. 
The low average energy of the mesons in the centre of mass system in the experiment 
of ScHEIN is in good agreement with the shock wave picture of meson production. 
The same is true with the result that the angle of emission with respect to the forward 
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ot backward direction is very small for mesons of high energy in the C.M. system with 
respect to the ratio of the members of heavier mesons the shock wave theory does not 
predict a ratio which corresponds to thermodynamical equilibrium at some very high 
temperature. On the contrary, it is quite plausible as you suggested, that for glancing 
collision (as in the S-shower) 7-mesons should be far predominant, while for high 
energy central collisions the relative number of heavy mesons with respect to the z's 
should be much higher. In any case the ratio of the different types of mesons should 
for very high energy depend strongly on the collision parameter and therefore on the 
degree of inelasticity. Glancing collisions must be much more frequent than central 
ones. 


— K. SITI: - 

Sinée the Schein star shows evidence considerable elasticity, and since we have 
also strong evidence that even at air shower energies the collisions ar not entirely 
inelastic, it would be interesting to hear what average degree of elasticity the revised 
theory predicts. 


— J. McCoNNEL: 


Are the finding of the analysis of the S-star im serious conflict with the Fermi 
theory of high-energy events? 


== MIS CHEIN: 


It seems so. 


== (5 UG Wpiselsre 


Has the distribution in azimuth been studied? It should be something like the 
diffraction image from the overlap (between the two nuclear « discs ») which might 
be oblong, and hence show some deviation from circular symmetry. 


—— M. SCHEIN: 


No such deviation has been noticed, but after all these were only few particles. 


BB Ay McCusker: 


If the «jets » showing no heavy tracks are to be explained as meson showers pro- 
duced by proton-nucleon-collisions one should observe a decay-electron if the mul- 
tiplicity is odd. This is because the target nucleon would then have to be a constituent 
neutron of a heavier nucleus, and practically all the nuclei present in the emulsion 
become {-active if one neutron is removed from them. 


— K. GorrstEin: 


Such electrons do in fact occasionally occur in «jets» showing no heavy tracks, 
both with odd and with even multiplicity. As remarked by Prof. HEISENBERG, the 
cases of odd multiplicity without @-electron may be due to the rarer isotopes of C, N, 0 
and H or to the evaporation of a second neutron in 19*Ag or 8!Br after the first one has 


been knocked out of the surface. 
— Y. FuysIiMOTO: 


: Before making a short report about our events, let me make clear several points 
in which we are particularly interested. The first question is whether these ScHEIN 


ANALYSIS OF PROPERTIES OF SECONDARY PARTICLES ETC. 869 


events are nuclear phenomena or electromagnetic ones. To answer this we must make 
sure how we can detect different kinds of particles, such as photons, electrons, nu- 
cleons etc. Supposing we have a stack of large size (for example our G-stack, 
27 em X 37 emx 15 cm, corresponding to 250 emulsion strips). We will be able to de- 
tect high energy electrons and photons with considerable probability because of 
their cascade multiplication. For a stack of such dimensions there would also be a 
reasonable probability of detecting a nucleonic component by the nuclear interactions 
it produces. However with stacks of decreasing dimensions we should expect the pro- 
bability of detecting a nucleonie part to fall off more rapidly than that of the elec- 
tromagnetic part. 

Suppose we observe an apparently unusual cascade. How shall we judge whether 
this is really unusual or only a fluctuation effect of an otherwise normal cascade. It is 
sometimes misleading to make a judgement by the rate of cascade development; because, 
if our stack is small or if our scanning line is close to the emulsion edge so that the 
distance available for the shower is smaller than the length required for maximum de- 
velopment, we are bound to find showers which have developed quicker than the 
average. Therefore, to be on the safe side, we have decided not to rely on this criterion. 

The problem can be approached in another way. Since the cascade is a sort of 
stochastic process the points nearer the origin of the cascade are more important in 
deciding its nature. We therefore examine the origins of the first pairs and measure 
the lateral distances between them. If some of these are much larger than would be 
expected from the multiple scattering of the preceeding electrons, we consider those 
pairs concerned to be due to separate photons. In most cases such a judgement is 
made without much uncertainty and later we shall see that it involves no serious error. 

Along these lines we have examined 41 cascade showers. Most of these have an 
energy of 100 GeV or more and are found in the G-stack. The scanning lines were so 
designed that we should have no serious bias towards quickly-developed showers. The 
classification of the 41 cascades is as follows: 


Ig GIG 

17 cascades from a single photon, 

3 cascades from a single electron, 

1 cascade from two single electrons and a photon, 
3 cascades from multi-photon origin. 


From the 17 cascades of single photon origin we deduce the conversion length of the 
photons. It gives 4.5--1.0 cm and this value suggests that most of these cascades really 
originate from a single photon if we assume the calculated conversion length of 3.75 em 
to be true up to high energies. Of the three cascades of multi-photon origin one is 
found to be a nuclear interaction of a heavy primary occuring in the surrounding 
material, 2.75 + 0.1cem above the stack edge, and is associated with a high energy 
a-particle. The other two showers originate from three and four photons respectively. 
In investigating these we looked along the showers for possibly associated nuclear 
interactions. Since the showers had a length in emulsion of respectively 27 cm and 
15 cm we would have expected a fair probability of getting an interaction if there were 
really a nucleon component present. We found one nuclear interaction in each of the 
cascades. 

We have to conclude from the above results that the Schein-events seem to be 
rather rare. We hope to get more events and increase our statistics in the near future. 


= DI 
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Variation in the Rate of High Energy Nucleons at Sea Level. 


CG. B. A. McCusker and B. G. WILSON 


Dublin Institute for Advanced Studies - Dublin 


1. — Introduction. 


Local penetrating showers at sea level are generally supposed to be due 
to nucleons of energy >10 GeV. The average energy detected depends on 
the triggering arrangement and the amount of lead to be traversed. Re- 
cently [1] a statistically significant variation of the rate of local penetrating 
showers at sea level with solar time has been detected. The apparatus con- 
sisted of a local penetrating shower set of conventional type requiring at 
least 2 penetrating particles to pass through 3 trays each of 12 G.M. counters. 
15 cm of lead was interspersed between the trays and a producing layer of 
lead whose thickness was varied from 0 to 82.5 em Pb was placed above the 
top tray. Extensive showers were detected by an unshielded tray of 12 similar 
counters placed 2m away from the penetrating set. 


2. Nature of the variation. 


The variation is of 12 hours period showing minima at 10:30 and 
22:30 hours G.M.T. It is correlated with the semidiurnal pressure wave 
which has an amplitude at Dublin of 0.2 mb. The associated barometric 
coefficient was found to be — 430-+90% per cm Hg. On the other hand the 
barometric coefficient of both local and extensive penetrating showers for the 
large pressure changes associated with the weather (which may be as much 
as 80 mb) has the usual value of — 10% per cm Hg. This difference between 
the two barometer coefficients is suggestive. It is known that the changes 
associated with the weather are confined to the lower 10 km of the atmosphere. 
On the other hand the relative changes produced by the resonance oscillation 
increase with increasing height. The semi diurnal level changes in the upper 
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atmosphere are of the order of several kilometres [2, 3]. Thus it seems likely 
that the cause of this variation in the rate of high energy nucleons at sea feel 
lies in the upper atmosphere. The main alternative explanation, that it is 
a chance amplification of the small mass absorption effect produced by the 
semi diurnal pressure wave, has only a small probability. 


3. — The extensive penetrating showers. 


More recently a long run of the apparatus with 2 = 20 cm has allowed 
a comparison of the extensive shower rates under 20 cm of Pb with those 
under => 60 cm of Pb. The times of the two runs were respectively June 9 
to July 30, 1954 + Dec. 7 1954 to May 9 1955 and Aug. 25 1953 to Jan. 12 1954 
+ Mar. 2 1954 to May 18 1954. The results are given in Table I. 


TABLE I. 
Time (G.M.T.) 

Pb pe 1e5 5-9 G35 cia ima)) 1722, |. 20-01 

0 | | 
| >60cm | 0.202 | 0.211 0.193 0.214 0.193 0.205 
| + 0.015 | + 0.015 | + 0.013 +0014 | 20.015. {7.400.015 
ti 20cm | 0.388 | 0.379 0.283 0.342 0.354 | 0.332 | 
| | + 0.024 | + 0.024 | + 0.022 + 0.023 | +0.024 | 40.024 | 


It will be seen that for the showers under > 60 em Pb (which will be mainly 


) caused by y-mesons) there is no established variation. On the other hand for the 
i showers under 20 cm Pb (which will have a considerable nucleonic compo- 
| nent [4]) there appears to be a solar semi diurnal variation similar to that 
of the local showers. The effect is not as well established as that for the local 


showers. The difference of the average rates for 1-5 and 9-13 hours is 3.2 
standard deviations and a 7? test on the « null hypothesis » gives P= .025. 


1 Thus the effect is not completely established statistically but the coincidence 
| of the form of the variation with that for the nucleon primaries of local pene- 
trating showers is of interest (*). 


* ok Ok 


We are indebted to Mr. J. G. DARDIS for his help in running the apparatus. 


(*) Note added in proof. — One complete year’s run (Dec. 1954 to Dee. 1955) has 
shown that the variation of extensive penetrating showers under 20 em Pb is with si- 


i dereal rather than solar time [5]. 
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INTERVENTI E DISCUSSIONI 


— K. SITTE: 

In view of the factthatthenew semidiurnal effectis correlated with atmospheric events 
at very high altitude, and that the overall barometer effect recorded in this experiment 
is rather low, would it appear possible that a small u-meson « contamination » could 
explain the data? Have calculations been carried out to show what y-meson « ad- 
mixture » one would have to assume in order to explain the effect? 


—=\C. B. ‘A. McCusker; 

We have no evidence for a large semidiurnal variation of u-mesons. Other works 
at sea level, at 60 m.w.e. and deep in salt mines would seem to rule out such a variation 
for most energy domains. 
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Hodoscope Analysis of Penetrating Showers 
from Hydrogen and Other Elements. 


M. CeRvasI, G. FIDECARO and L. MEZZETTI 


Istituto di Fisica dell’ Università - Roma 
Istituto Nazionale di Fisica Nucleare - Sezione di Roma 


. We report on some results of a statistical analysis of the data obtained 
with a Geiger counter arrangement designed to detect penetrating showers 
(p.s.) generated by energetic Cosmic Ray neutrons and protons in thin layers 
| of Paraffin and Carbon; thus allowing to study, by difference, the properties 
i of the p.s. produced in nucleon-nucleon collisions. The experimental arran- 
gement has already been described in a paper published on the Nuovo Cimento [1] 
| and is shown in Fig. 1. The total rates of events obtained with different types 
of material as generating layers are reproduced in Fig. 2 in the form of reci- 
procal mean free paths for production of the type of events studied here. 

The experimental points (including Pb, Fe, © and H) appear to follow 
closely the « geometrical » A- law, down to the lowest value of A although 
no correction was applied to account for the probably different detection effi- 
ciencies of the showers emerging from different materials. 

The hodoscope information has been translated into IBM cards (one card 
for each event, for a total of about 60000 events altogether) and the multi- 
plicity distributions studied for the various materials. 

The multiplicity m is defined here as the number of counters discharged in 
tray O, which is unshielded and placed at a distance of ~ 1 m from the bottom 
of the generating layer. This multiplicity will thus include not only shower 
particles, but also slow secondaries and electrons, and particles scattered back 
from secondary interactions in the lead below. However we believe that this 
is better than any information from shielded counters, because of secondary 
interactions in the lead. The multiplicity distributions obtained for C, Fe, Pb 
from «neutral primaries » (background being subtracted) are shown in Fig. 3. 
The shaded block in the histogram represents the number of events with 
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from C to Fe and to Pb, as 
one would expect if any ca- 
scade process takes place, either 
inside a complex nucleus or 
through secondary interaction 
against other nuclei of the tar- 
get. Average multiplicities 
computed from these distribu- 
tions are: 


fem.) Carbon 
» Carbon 
» Tron 
» Lead. 
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These values can be com- 
pared, for instance, with the 
recent results of SITTE and 
AsKOWITH [2], 
m,= 5.6 and m,,= 6.65ina 
cloud chamber. In Fig. 4 the 

multiplicity distribution ob- 
tained for 
pared with the two distri- 
butions obtained for hydro- 
gen, that 
rences paraffin-carbon (neu- 
tral primaries); the upper his- 
togram refers to the « thick » 
target (18.1 g/cm? paraffin — 
— 15.4 g/em? C) the lower to 
the « thin » target (8.9 g/cm? 
paraffin — 7.6 g/cm? C). The 
general appearance of the se- 
cond histogram, and particu- 
larly the apparent lack of e- 
vents with m = 4 is interest- 
ing, if it is statistically signi- 
ficative, because something 
of this kind is precisely what 
one would expect if mul- 
tiple meson production oc- 
curs in n-p collisions (the 
total number of ionizing 
prongs should always be 
odd). Unfortunately, in this 
group of measurements it 
was not possible to analyze 
in more detail the distribu- 
tion of the events of mul- 
tiplicity >7 and these are 
lumped all together in the 
last shaded block of the dia- 
gram. This makes it rather 
difficult to obtain average 
multiplicities in this case; a 
rough estimate gives my = 
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=5 +1, both for the thin 
and thick target. 

As regards the multiplicity 
distribution of the showers ge- 
nerated in hydrogen, we have 
tried to evaluate if the observ- 
ed points are compatible with 
the finite resolution of our de- 


tection system. To do this, we 
have calculated, following clos- 
ely the model proposed by 
FERMI [3], the weights of the 
various charge combinations 
in the final state of an n-p 
collision at 25 GeV L-system 
energy, compatible with con- 
servation of isotopic spin and 
total charge, and the proba- 
bilities F(N) of showers with 
N ionizing prongs. One can 
then calculate the probability 
P,(v, N) that N particles, fall- 
ing on a group of n counters, 
discharge v out of them, and 
combine the two distributions 
to give the total probability of 
observing just v counters dis- 
charged [4] 


pv) cè DA Î(N)P,(vN) = 


The probabilities P,(vN) and 
therefore also g(v), depend on 
the value of a parameter p 
which is related to the assum- 
ed average spread of the par- 
ticles over the counters bank 
and the size of the individual 
counters. The results of this 
calculation are shown in Fig. 5: 
p = 0 corresponds to the ideal 
case of infinite resolution, that 
is the Fermi distribution itself, 
p = 1/24 corresponds to the 
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case _where the particles are spread out over the whole bank of 24 counters, 
and so on. This is not meant to be a comparison between our results and 
the statistical theory because the values assumed for the various parameters 


| | b) 


3 5 7 m 
| y 
sot | Pz hy 
| 
25+ | 
| a 


(including the average primary energy) are rather arbitrary. Moreover, the 
method used implies the probability that the p.s. discharges the required 
combination of the shielded counters is independent from the number of 
particles in the shower. The only conclusion that we think we can draw 
from these calculations is that to account for the observed multiplicity di- 
stributions both a high primary energy and a large spread of the particles 


seem to be required. 
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INTERVENTI E DISCUSSIONI 


— G. WATAGHIN: 
Inquires about the survey which has been made in the Berne laboratory of jets 
containing only white tracks. 


— F. G. HoUuTERMANS: 

I should like to mention its results. Following an attempt which has been made by 
Dr. McCuskER and RoEsLER in 1953, HABER-ScHAIM, PEYROU, TEUCHER and THIRRING 
have collected all available data about jets with singly charged primary, or without 
primary. By interaction of a proton with a free proton, we can expect only an even 
number of secondaries, in case of a neutral primary an odd number of secondaries. 
The ratio of jets with 


ee 0 + (2a), and 0+(2x+ 1), 
0:4-(20+ 1), and 04 (ox); 


has been calculated for all available material. At present this ratio is 47/18. In this 
statistics have been included only jets with more than 5 secondary particles. It seems 
to us that this result is a significant proof for multiple production of mesons by ele- 
mentary interaction between 2 nucleons. In the case that all such stars were due to 
nucleon-nucleus interactions the ratio given above should be near to 1 since there is 
no experimental scanning bias in favour of either odd or even secondaries. It seems 
very desirable to extend this statistics further. Though experiments on machines have 
prooved already the existence of multiple production in elementary nucleon-nucleon 
interaction at low energy, the ratio given above seems to be definite evidence of its 
occurence in interactions of more than 5 secondaries. 

We want to thank the laboratories of Bombay, Bristol, Gottingen, Milan, Ottawa, 
Paris (É.P.), Rome, Turin and Washington (Naval Res. Lab.) for making their material 
available for our survey. 
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Interaction of Primary Cosmic Ray Particles 
of Different Energies with the Nuclei in the Atmosphere. 


S. N. Vernov and N. L. GRIGOROV 


Moscow State University and Lebedev’s Institute of Physics - Moscow 


Average interaction properties of nucleons with atomic nuclei of light 
elements have been determined by investigating various cosmic ray components 
at different altitudes and latitudes. The measurements were carried out with 
the help of balloons at geomagnetic lat- 
itudes of 51°, 31° and 2° the data being 
transmitted to ground by radio. The fol- 
lowing cosmic ray components were stu- 
died: high energy protons (of approxima- 
tely 3 GeV) [1], electrons and photons [2], 
star producing radiation [3] and p-me- 
sons. Energetic protons were measured 
by recording the showers generated in 0 TI 1; wa 
10 em lead absorbers; account was taken 
of S-showers produced by u-meson$s which 
were subtracted from the total shower 
rate. The counter arrangement is shown 
in Fig. 1. Results of measurement of the 
intensity of high energy protons at va- 
rious altitudes are shown in the same Fig. 
The measurements were carried out at 
different geomagnetic latitudes and thus 
protons produced by primary particles of 
various energies could be selected from Fig. 1. 
the total flux. 

The upper curve in Fig. 1 is the difference of the curves obtained at geo- 
magnetic latitudes 51° and 31°. The effective mean energy of the primary 
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protons in this case is 4 GeV. The lower curve was obtained at the equatori 
where the mean energy of the primary protons is 40 GeV. The dotted line: 
in the lower figure represents the upper curve. We see that both curves are 
strikingly different. This means that primary protons of 40 GeV mean energy; 
do not lose their energy in single encounters and thus in collisions with nuclei 
of air atoms they lose only a fraction of their energy. Calculations show thati 
in order to interpret this curve one must assume that on the average the nucleon 
retains the greater part of the primary proton energy. By the analysis of the: 
obtained data the interaction mean free path was assumed to be equal to 
60-70 g/em?. Approximately the same value was obtained in some experi- 
ments [4]. 

The fraction of energy transferred to 7°-mesons in collisions of protons with) 
nuclei of air atoms can be determined by investigating the electron photon 
component at high altitudes 


P 


(1) E.(P) = (55) | VeP)ap + Sher(P) . 


0 


where £,_,(P) is the energy transferred to the electron-photon component at al-- 
titudes above that for which the pressure is P, N.(P) is the electron inten. - 
sity at the altitude where the pressure is P and $°"(P) is the electron and| 

photon energy flux through i 
Seca a horizontal area of 1 cm?! 
at an altitude of pres-- 
sure LP: 


amplifier 


Ne pa 


No 


The electron intensity 

was determined by measur- 
ing the intensity of the hard . 

and soft components at va- 

rious altitudes and also by 
measuring the ionization 
created by each particle in. 

pulse ionization chambers[5]. 

sg The electron-photon  e- 
nergy flux was obtained from 
counter and ionization cham- 

ber measurements by deter- 

mining the air-to-lead transition curve up to thicknesses of 8 tm lead. 

A diagrammatical scheme of the experimental transition curves and also 
one of the measured transition curves are represented in Fig. 2. The energy 
of the electron-photon component through a sphere of 1 cm? cross section can 
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be determined from the area under the transition curve or from the height of 
the maximum. 

Results of electron-photon energy flux measurements at two geomagnetic 
latitudes (51° and 31°) and also the difference between the two curves are 
represented in Fig. 3. It can be seen 
from the curves that at the latitude 
31° the electron-photon energy flux 
only slowly decreases as the cosmic rays 
penetrate the atmosphere. In contrast, 
the difference of the curves falls off 
much more rapidly with depth. This 
difference of behavior is due to the fact 
that in collision between nucleons and 


-8 2: 
S(p) 10 eV emis 


nuclei of air atoms only a fraction of 
the nucleon energy is expended in 
meson production. At latitude 31° the 
mean primary particle energy equals 
90 GeV. At such high energies 7°-me- 


sons are generated in several successive 
encounters. This explains the compara- ae 
tively slow decrease of the electron- Sri 
photon energy flux at 31° latitude. 

The energy flux through a horizontal surface of 1 cm? area can be cal- 
culated [6] from the electron-photon energy flux through a sphere of 1 cm? 
cross section 
(2) Bp) = Bp) {ss ( i | cos 0-sin 0-40, 

É i \cos 0, 
0 
where 0 is the angle with respect to the vertical direction, and S* is the flux 
through the sphere. 

Tf the electron-photon energy flux and electron intensity are known, it is 
easy to compute from formula (1) the energy, ESE) transferred to electrons 
and photons at altitudes exceeding that at which the pressure is P. We divide 
this energy by the number of primary particles which interacted in the same 
layer of the atmosphere (AN (P)) 

The dependence of E, (P)/AN(P) on P is plotted in Fig. 4. 

The upper curve corresponds to measurements carried out at 31° latitude. 
The lower curve is the difference of the 51° and 31° curves. Increase of the 
curves’ ordinates with increasing pressure signifies that besides primary part- 
icles, secondary nucleons are also effective in producing 7°-meson$. The curve 
at 31° increases by almost 3 times and this implies that more than three 
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encounters are needed for a primary proton of 20 GeV to lose its energy. If 
only primary particles with an interaction mean free path of 60 g/cm? were 

capable of generating-mesons the 


pio curves in Fig. 4 would be parallel 
ce E, = 20GeV to the abscissae axis. 
sento) wk Data obtained at the higher alti- 
odes Exp (0) tudes enable one to determine the 
25 fraction of the primary particle 
4 energy transferred to z°-mesons in 
oc hd the first collision. 
s di It can be seen from Fig. 4 that at 
di the latitude 31°, where E,= 20 GeV, 
i Di about 2.2 GeV or 10% is transmitted 
ee to the electron-photon component 
0A in the first collision. 
n ua i The lower curve corresponds to 
: FE: primary particles possessing an ave- 


rage energy of 3 GeV. It can be 
found from this curve that 0.35 GeV 
or 12% of the energy is lost to the electron-photon component in the first 
encounter. 

Thus, we find that in each collision of the primary particles with light 
nuclei about 10% of the primary particle energy is communicated to 7°-mesons. 

Assuming that twice as much energy is transferred to 7*-mesons as to 
m-mesons we obtain. 


241 4-5 Y dor. E, = -3 GeV, 
23 3%, fork, = 20"GEV - 


At geomagnetic latitude 31° three quarters of the total energy is brought 
in by primaries with an average energy of 40 GeV. Therefore, for primaries 
with H, > 14 GeV (E, = 20 GeV) we again obtain a value «_ ~ 30%. 

Thus primaries possessing mean energies 3--40 GeV transfer a smaller part 
of their energy to z-mesons. Most of the energy (about 70%) is carried away 
by single nucleons. 

In determining the energy transferred to x°-mesons, a correction (~ 20%) 
was introduced to account for the energy transmitted to u-meson decay electrons. 
The correction was based on our experimental value of the w-meson flux in 
the stratosphere. To separate u-mesons from the total cosmic ray flux use 
was made of their disintegration property and weak interaction with atomic | 
nuclei. 


Separation of y-mesons on basis of their desintegration was carried out by 
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measuring the penetrating particle intensity in the vertical direction and at 
an angle of 60° to this direction. 

Counter telescopes with 32 cm Pb filters were also used to select u-mesons, 
use being made of the fact that these particles practically do not interact 
with atomic nuclei. The telescopes were 
surrounded at the sides by hodoscope 
counters. Side showers and _ protons 
traversing 32 cm Pb (only 10% of the 
protons pass through 32 cm Pb without 05 


interaction) were excluded by these o 


earried out at different altitudes are 


presented in Fig. 5 which shows the 


. 
| 
counters. Results of the measurements 
E, = 2010° eV 


u-meson altitude dependence at various 1 
latitudes. 

The stratosphere pu-meson measu- 
rements are consistent with the above 
assumption that twice as much energy 1° 
is transferred to u*-mesons as tO 10 Eg= 40:10° ev 
7°-mesons. 


0.5 
As was mentioned above, investigat- 
: : 0 
ion of the electron-photon component 
a 15010 5 i Yen 
indicates that only a smaller part of 
Fig. 5 


the primary particle energy (~ 30%) is 
spent in meson production. 

However, in collisions of high energy nucleons with nuclei a certain fraction 
of energy is transmitted to the nuclear disintegration products i.e. to non- 

- relativistic particles. This source of energy loss was determined at geomagnetie 
latitudes 51°, 38°, 31° and 2° by measuring bursts in pulse chambers at high 
altitudes. The smallest recorded burst corresponded to the traversal of at 
least 3-6 relativistic particles through the chamber (*). 

In several experiments the ionization chambers were surrounded by hodo- 
scope counters. 

With aid of the hodoscope counters it could be shown that at altitudes 
‘below 25 km at least 85% of the bursts were due to nuclear disintegrations 
in the chamber wall or gas. 

Results of the measurements are shown in Fig. 6. The crosses are our 
data, the circles Lord’s data on the frequency of stars normalized at the pressure. 


(*) The magnitude of the burst as well as the fact of its appearance was transmitted 
to the observer by radio. 
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The latitude dependence of bursts on altitude of pressure p = 40 g/cm? is shown 
vide Ea 

The experimental points are the burst rate. Dependence of the number 

of primary particles on latitude is given 

Nin! by the full curve. It can be seen that the 


burst rate is proportional to the primary 
o O. 
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At the height under consideration bursts are mainly produced by secondary 
particles created in collisions of primaries with nuclei of air atoms. Propor- 
tionality of the burst rate at 40 g/cm? to the primary flux means that each 
primary particle produces the same number of secondaries these latter being 
responsible for the nuclear disintegrations. This shows that the primaries of 
mean energy 3-40 GeV produce approximately similar nuclear disintegrations. 

On basis of data on the latitude dependence of high energy proton flux 
and of bursts one may attempt to draw a general picture of passage through 
the atmosphere of nucleons of various energies. In order to do this the burst 
must be replaced by the rate of star production. 

From data on the burst rate at various heights and latitudes the frequency 
of star formation in a column of atmosphere of 1 em? cross section can be 
determined by using the relation. 


[col 


NGS = | Noel) dp 2 
0 


The normalization factor x can be determined by comparing the measured 


burst rate with emulsion data on stars obtained at the same height and geo- 
magnetic latitude. 


dI 
i 
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Dividing stars by primaries we find the number of nuclear disintegrations 
produced per primary (Wi, ji.) 

After the first collision of the primary with an air atom nucleus most of the 
energy is retained by secondary nucleons. The higher the energy of the primary 
particle the greater will be the number of nuclear interactions due to this part- 
icle and its descendents in the atmosphere. 

At the beginning of this report absorption curves for high energy protons 
(E > 3 GeV) were presented. From these curves one can determine the number 
of interactions between high energy protons and nuclei. In the experiments 
the proton intensity was measured. If it be assumed that the number of 
high energy neutrons is equal to the number of secondary protons possessing 


the same energy then 


o 
, 2 i 
ia i As (DRS = Pipiap.—A 5 
inter. +Y prim. J 
0 
where P(p) is the flux of protons of energy > 3 GeV, p is the pressure 
and L = 60 g/cm? is the nucleon interaction mean free path. 
The number of nuclear disintegrations (ni,,,,,) is connected with the number 


of interaction acts (ni, .,) and the average number 7 of comparitively low energy 
secondary particles A in these interactions by the relation 


ni = La 


disin. inter. | inter. * 


Results of the corresponding computations are set out in Table I. 


TABLE I. 
Geomagnetic latitude / pie. | 310 00 (510-310 | 310-009 0° 
E primary, in GeV RIA) 9.2 40 
Primary particle | 0.47 0.044 | 9.047 0.38 | 0.047 | 0.047 
flux cms? | | | 
Numbers of stars | | 
in column of atmosphere | 3.5 O IE IO ORA ae aes 0.6 0.8 
| | | | 
a | | 
; | | | | 

Number of stars 15) | 15.0 17.0 6.6 13 17 
per primary esta | | 
Number of interactions | 
of high energy particles 2 4 5 ~ 1.5 3 5 
per primary Wa 

v 2.7 Gees 2.4 
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It can be seen from the table that the number of nuclear disintegrations 
(Neen) Per primary particle increases with the primary particle energy. This 
dependence, however, is due to the fact that with increasing primary particle 
energy the number of interaction processes increases. 

The average number of comparitively low energy secondaries (neutrons | 
with Z —108 eV) produced at various primary energies is practically the same » 
and is equal to about 2 or 3. 

The total energy transferred throughout the atmosphere to heavily ionizing ° 
particles produced in nuclear disintegrations can be determined from measu- 
rements on the burst spectrum and from the ionization and total intensity 
of particles at high altitudes. 

The burst spectrum was measured for comparatively small burst and. 
therefore the total energy of the bursts £#,.,. = 32 eV | (aN /dl )I comprised . 
about 40%, of the energy of nuclear desintegrations. This total energy was: 
determined by separating that part of the total ionization which was due to) 
heavily ionizing (h.i.) particles [8] 


I,.(P)=I(P)—kMp). 


To be more precise /,,(p) is the ionization excess at high altitudes due to 
the presence of non-relativistic particles. k is the specific ionization energy’ 
loss of relativistic particles. Special experiments [5] carried out in the strato-- 
sphere at latitude 51° N with a pulse ionization chamber capable of recording: 
bursts even smaller than these due to traversal of only one relativistic particle » 
along the chamber diameter showed that the overwhelming majority of part- - 
icles in the stratosphere (~ 80%) is relativistic. 

Thus the ionization due to heavily ionizing particles can be found by mea- 
suring the particle flux and ionization in the stratosphere at various latitudes. . 
At all altitudes and latitudes this quantity, J,,, was found to be propor - 
tional to the total burst energy, £,,,4: the proportionality coefficient being: 
l= 321, JE Thus, the total energy of nuclear disintegrations, 
(E ner di); Can be determined from the ionization due to heavily ionizing: 
particles (J, ,). Only bursts were measured at the latitude 2° and the ioniz-- 
ation due to heavily ionizing particles (J,,) was determined by multiplying: 
the total burst energy by this coefficient. The results thus obtained are pre-- 
sented in Table IT. 


20% 


hi. burst 


TABLE II. 

Energy of primary particles |1.5<EH,<7,/7<H,<14 DINT Ey > 14 

(GeV) E =3.3 | Hy, = 10 E20 Hy = 40 
Average energy per pri- 
mary spent innu clear dis- 
integrations throughout 1.75 +0.2 2.6+0.6 2.84-+0.4 3.7+0.3 
the atmosphere 

Eva disint. 
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From these data and also from data on the frequency of nuclear disinte- 
grations at various latitudes (Table I) it can be found that on the average 
approximately 200 MeV is transferred to charged non-relativistic particles in 
nuclear disintegrations. 

Assuming that the same amount of energy is carried off by neutrons we finally 
find that on the average (440 + 160) MeV is spent in nuclear disintegrations. 

It can be seen from Table II that the total amount of energy spent in 
nuclear disintegrations in the atmosphere weakly increases with the energy 
of the primaries. 

This signifies that in each interaction practically only one high energy 
nucleon is produced. Indeed, the total number of interactions of high energy 
nucleons with air atomic nuclei increases with increasing energy of the pri- 
maries. In each process of this type 0.4 GeV is 
transferred to non-relativistic particles. Thus at 
latitude 31° on the average for each primary 
four interactions of high energy nucleons take 
place. Thus, 4-0.4 = 1.6 GeV will be spent on 
nuclear disintegrations. As a whole these pri- 
maries lose 2.8 GeV in the atmosphere. There- 
fore on the average in all four interactions only 
one nucleon of 1--2 GeV energy will be produced ; 
most of the energy of this nucleon will be spent in 
nuclear disintegrations. Thus, the probability of 
creation in each interaction of a nucleon of 
1--2 GeV energy is less than 200, 


Consequently most of the energy 1s carried 026 
(mt) 


400MeV 


off by a single nucleon. 

One may therefore visualize the interaction 
of primary particles with light nuclei in the fol- 
lowing way (see Fig. 8). 

About 30% of the primary particle energy is spe 
and nuclear disintegrations. 

Approximately 400 MeV is expended i 
only a small fraction of the primary particle energ 
of the latter. 

Most of the undissipated energy (approximately 70%) is carried away by 
a single nucleon. It should be mentioned that calculations based on the type 
of interaction of high energy nucleons with light nuclei described here quan- 
titatively agree with the experimental data obtained at various depths in the 
atmosphere and at various geomagnetic latitudes [9]. Thus, in Fig. 9 we 
present the calculated vertical proton flux (for H> 3 GeV) at various geo- 


magnetic latitudes and also our experimental values. 


Buono: 


nt in meson production 


n nuclear disintegrations, this being 
y at sufficiently high energies 
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The proton flux at sea level calculated in this manner satisfactively agrees : 
with the experimental data. 

The particular type of interaction process between nucleons and light 
nuclei described above was found at for mean primary energies 3— 40 GeV.. 
However, there is reason to believe that: 
the main feature of this process will also 
be retained at considerably higher ener-- 
gies. In favor of this view one might 
mention that the nucleon absorption mean 
free path at 10!° eV was found to be: 
substantially greater than the path corre- 
5 sponding to a geometric interaction cross: 


section. 

Experiments on extensive air showers: 

carried out by DOBROTIN and ZATSEPIN 

indicate that even at ultra high energies a 

(4 È greater fraction of the primary particle 
ie Se atmosphere in interaction mean energy is concentrated in one or a very 
few number of secondary particles. 

It is possible that these experiments: 
which seem to point to concentration 0» 
energy in a single particle, may be explained by taking into consideratior 
the interaction of various parts of the meson field of nucleons. It seems pos: 
sible that such experiments can furnish us with a method of investigating the 
structure of the meson field of a nucleon. Processes of this type have beer] 
investigated theoretically by HEISENBERG [10], FEINBERG and CHERNOYSKY [11|} 
and by BHABHA. 


Proton flux of E > 3GeV in arb. units 


Amite Sk 


This investigation was carried out in the Moscow State University ana 
Lebedev Physical Institute of the Academy of Sciences under the genera’ 
supervision of Academician SKOBELTZYN. 
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INTERVENTI E DISCUSSIONI 


— K. SIrre: 

It is most gratifying to see that our Russian colleagues in their work have reached 
substantially the same conclusions than we, working with somewhat different methods, 
The only important difference seems to be in the estimate of the energy fraction retained 
by the primary which is here given to be about 0.7, while our estimates usually were 
about 0.3£,. I should like to know how this large amount of energy retained can be 
reconciled with a value of the absorption mean free path for the primaries of about 
120 g/cm?, i.e. not more than perhaps 1.5-times (or less) the collision mean free path? 


-— A. BORSELLINO: 

I would know from Dr. SittE what he can say about a change at high energy, say 
more than 10 GeV, of the fraction of the primary energy transferred to the electro- 
magnetic secondaries. 


= K. SInTE: 

From the evidence now available, it appears that for all energies above 10 GeV 
or a little less, the fractional energy transfer to the electron component remains essen- 
tially constant, but experiments prove that it does not change for primary energies 
between about 10 and 100 GeV, and above this region the data of Peters give again 
a constant ratio compatible with a fraction of all secondaries to be neutral mesons. 
In the region of air shower energies we have no absolute data, but find again that the 
fractional distribution of energy over the various components remains constant over 
a large primary energy interval. 
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Absolute Low-Energy Differential Range Spectrum 
of Cosmic Ray u-Mesons at Sea-Level. 


D. Brini, L. PeLI, O. RimonDI and P. VERONESI 


Istituto di Fisica dell’ Università - Bologna 


[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 2, 613 (1955). Qui riportiamo solo il riassunto. N. d. R.). 


Summary. — In this work we give the results of a measurement of the differentiali 
range spectrum of u-mesons between 0 and 1.5 m.w.e. at sea-level. The experimental 
apparatus used consists of two liquid scintillation counters, placed in coincidence withl 
each other. Between them there is the lead absorber. The lower counter, of 5.64 g/em*j 
thickness, works as a death thickness. The event u e is detected by photographing 
the two successive pulses, due to the meson and electron, on a sincroscope screen. 
The experimental results have been corrected for any possible cause of errors. Thed 
scattering correction has been evaluated by the Monte Carlo method, and experimentally 
verified. The results corresponding to the scattering correction show how great this 
influence may be sometime. The absolute intensity at the range of ~150 g/cm? of a.e. 
has resulted of 7-10-5 (sr gs) !. The behaviour of the spectrum between 0 and 180 g/emi| 
of a.e. has resulted to have a slope of 0.091 + 0.006. 
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Detailed Analysis and Discussion of Two Narrow Showers 
of Pairs of Charged Particles. 


A. DEBENEDETTI, C. M. GARELLI, L. TALLONE and M. VIGONE 


Istituto di Fisica dell’ Universita - Torino 
Istituto Nazionale di Fisica Nucleare - Sezione di Torino 


[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento. 2, 220 (1955). Qui riportiamo solo il riassunto. N.d. R.]. 


Summary. — Detailed experimental data on two events consisting of a narrow 
shower of pairs of charged partieles are reported. An analysis of the common features 
of the events points out some difficulties in the explanation of the phenomenon as an 


ordinary cascade shower. Other possible interpretations are suggested. 
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Osservazioni preliminari 
sullo sviluppo della cascata nucleare in piombo 
prodotta dalla radiazione cosmica a 3500 metri. 


R. GIACCONI, A. LOvATI (*), A. MURA e C. Succt 


Istituto di Scienze Fisiche dell’ Università - Milano 
Istituto Nazionale di Fisica Nucleare - Sezione di Milano 


Si riferiscono i dati preliminari di una ricerca in corso al Laboratorio della 
Testa Grigia, avente lo scopo di studiare lo sviluppo della cascata nucleare 
in piombo. 

La disposizione sperimentale è mostrata in Fig. 1. La camera di Wilson 


I ul ° 


50 cm 


(*) Attualmente al Gustaf Werner Institute for Nuclear Chemistry (Uppsala). 
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impiegata ha un volume utile di 50 x 60x15 cm* e contiene 5 piastre di piombo 
da 18 g/em? ciascuna; l'espansione della camera è comandata da eventi che 
scaricano simultaneamente uno ed un solo contatore del gruppo sopra la 
camera ed almeno uno di ciascuno dei due gruppi sotto. 

Sono stati raccolti finora 14000 fotogrammi, dei quali 746 mostrano disin- 
tegrazioni prodotte da una particella ionizzante isolata (disintegrazione pri- 
maria): due fotogrammi vengono mostrati nella Tavola annessa. 

Dato il tipo di selezione ed il fatto che il materiale sopra la prima pia- 
stra di piombo è di soli — 5 g/em*, si può ritenere che le particelle isolate 
che originano le disintegrazioni primarie osservate siano protoni. Dei 746 foto- 
grammi considerati, 76 contengono oltre alla disintegrazione primaria un’altra 
disintegrazione (disintegrazione secondaria), associabile ad essa per mezzo di 
un legame ionizzante o no, 13 contengono oltre alla disintegrazione primaria 
due disintegrazioni secondarie. 

Prendendo in considerazione tutti i legami tra interazione primaria e secon- 
daria ne risultano 102, di cui 68 ionizzanti e 34 non ionizzanti. Nella valu- 
tazione del numero di disintegrazioni secondarie con legame non ionizzante, 
sono state scartate quelle ritenute per il loro aspetto casuali. 

Sono stati presi in considerazione i seguenti punti: 


| 


1. Aspetto generale delle disintegrazioni. 


L’aspetto delle disintegrazioni primarie (da protone) e secondarie (da nu- 
cleone e da x) è simile. La Tabella I mostra Vandamento della molteplicità 


TABELLA I. 


Numero di p.s.p. (*) Totale Totale p.s.p. 
delle disintegrazioni primarie disintegrazioni disintegrazioni 
0 1 di 3 Ay secondarie secondarie 
: . (0) 3 3 LO) 3 8 30 — | 
Numero di 1 sa 1 4 5 1 4 15 15 
p.s.p. delle 9 MT 1 2 3 3 9 18 
disintegra- 3 i a. 9 3 D) 3 10 30 
zionisecon- 4 n fa - 1 1 1 3 12 
darie 5 o Reni = ehi si: me | 
= a | e Se 
Totale disintegra- | 
zioni primarie 2 3 abel o 1% 
Totale p.s. p. di- | 
sintegrazioni Men. 3900] Ses 96 (134 
(*) Si definisce p.s.p. una particella penetrante che ionizza pressochè al minimo (< due 
volte) prima e dopo la piastra adiacente a quella dove ha avuto luogo la disintegrazione. Le energie 


corrispondenti per protoni e mesoni 7 sono rispettivamente 270 e 60 MeV. 


894 R. GIACCONI, A. LOVATI, A: MURA € C. SUCCI 


delle disintegrazioni secondarie in funzione della molteplicità delle primarie » 
(la statistica si riferisce alle 67 catene, la cui disintegrazione secondaria è avve-- 
nuta nelle prime quattro piastre). 

Il rapporto tra la molteplicità delle disintegrazioni secondarie e la molte- - 
plicità delle disintegrazioni primarie è 75/67 ; 242/57 = 1.11/4.25 ~ 0.3. Il rap-- 
porto tra la percentuale di disintegrazioni secondarie con componente elettro- - 
magnetica e la percentuale di disintegrazioni primarie con componente elettro- - 
magnetica è 22/67 : 43/57 = 0.33/0.75 = 0.4. 

Passando dalle disintegrazioni primarie a quelle secondarie si ha una sen-. 
sibile diminuzione di energia messa in evidenza dai rapporti sopraindicati.. 
È in corso, con il metodo suggerito da DULLER e WALKER [1], la stima delle 
energie in base alla distribuzione angolare delle p.s.p. 


2. — Percentuale di prodotti e di mesoni emessi nelle disintegrazioni primarie. 


È stata analizzata la variazione del rapporto tra il numero di legami ioniz-4 
zanti e quello di legami non ionizzanti delle catene, in funzione della molte- 
plicità delle disintegrazioni primarie; tale rapporto aumenta al crescere della 
molteplicità: a molteplicità >5 si è valutato che circa il 70% delle p.s.p. 
sono mesoni carichi. 

La percentuale di mesoni 


80 iaia 3 : 
neutri è in corso di studio at- 

2 traverso il conteggio degli 
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70 sciami elettronici provenienti! 
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5 delle p.s.p. emesse nelle di- 
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nerante la disintegrazione primaria delle seconde. Questo fatto sussiste anche 
se si tiene conto della minore rivelabilità delle disintegrazioni ai bordi della 
camera e del differente percorso delle p.s.p. 


4. Cammini medi di interazione. 


Il cammino medio apparente di interazione nucleare delle p.s.p. prodotte 
nelle disintegrazioni primarie risulta di circa 950 g/cm?, corrispondente, nelle 
nostre condizioni sperimentali, ad un valore vero poco più alto del cammino 
geometrico; al crescere della molteplicità il cammino medio apparente aumenta 
da ~ 700 g/em? per molteplicità 1-2, a ~ 1000 g/cm? per molteplicità > 5.2 

Per gli eventi di alta molteplicità con semiangoli proiettati < 10° e di 
più facile analisi per l'assenza 0 quasi di componente elettromagnetica, 
è stata valutata l'energia media secondo il metodo di Duller e Walker: essa 
risulta, con molteplicità media circa 7, intorno ai 70 GeV. Anche per questo 
ultimo gruppo di disintegrazioni il cammino medio di interazione nucleare 
delle p.s.p. risulta superiore al geometrico: questo risultato sembra confer- 
mare quello di FROEHLICH et al. [2] sul libero cammino medio dei mesoni x di 
alta energia. 


5. — Produzione di V°. 


Nelle 746 disintegrazioni primarie sono state viste 15 particelle V°: lo stru- 
mento impiegato non consente un'analisi dettagliata dei singoli eventi. 

Dallo studio statistico degli eventi osservati si possono ottenere indica- 
zioni circa il rapporto V°/p.s.p. e la distribuzione angolare delle V°. I risultati 
preliminari sono in discreto accordo con i recenti dati di GAYTHER e BUTLER [3]. 


RIFERIMENTI 
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Un caso di possibile produzione multipla di fotoni per urto. 


A. MILONE 


Istituto di Fisica Sperimentale dell’ Università - Genova 


1. — Lo scopo di questa comunicazione è di dare i risultati preliminari rela- 
tivi ad un evento costituito da uno sciame molto stretto di coppie di parti- 
celle al minimo di ionizzazione e che può essere interpretato come la simultanea 
creazione di una coppia di elettroni e di uno 
sciame di fotoni da parte di una particella 
Ca di alta energia. Esso è del tipo di quelli 
Sa già notati da diversi autori [1, 2] ed è stato 
osservato durante la normale esplorazione di 
una emulsione nucleare G5 600 um esposta 
x ad una altezza media di 24000 m. 

Il fatto che Pevento si osservi in una 


n sola emulsione presenta, evidentemente, di- 
ai versi vantaggi tra cui quello di studiare con 
discreta precisione la geometria dell’evento 

= stesso. 
7 L'evento, schematizzato nella Fig. 1, è 


costituito da una traccia p, al minimo di io- 
-7em nizzazione, che dà luogo in A, dopo un per- 
corso di 3 cm nell’emulsione, a tre particelle 
al minimo a, b, p,. L'aspetto dell’evento 


Fig. 1. — Un caso di possibile come osservabile nel punto A, è quello di 
produzione multipla di fotoni per un tridente di alta energia; l'angolo férmato 
urto. ’ 


dalle due tracce a e b è di 4', mentre quello 
formato dalla direzione della traccia p, con 
quella della traccia p è di 30’. La traccia p, dopo un percorso di 9300 um 
da A, dà luogo ad altre tre particelle al minimo a,, di e py. 
Collimate con le tracce a e b, e con la stessa inclinazione nell’emulsione, 
si osservano 16 coppie di particelle al minimo di ionizzazione, contenute entro 
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un angolo, con vertice A, di 4-107 rad. L’angolo che la direzione della traccia p 
forma con la verticale é di 75°, e la sua inclinazione, nel piano dell’emulsione, 
è di 18’. L'evento si sviluppa nella direzione vetro-superficie: nella Fig. 2 sono 
indicate, in una sezione nor- 


Superficie 


male al piano dell’emulsione, - : 600 pm 
le origini delle varie coppie. gaan cates 
ss E g 10° 
Da un’indagine condotta I 2 "1G - 400 
j " È 5 : 
lungo l’evento si osserva che: 7 a 
6 
5 8A aus = 
1) lungo i 3 em della Se oe 


traccia p non si notano eventi 


A 
er 
0 1 = 5 6 


particolari a cui poter attri- 3 i Jem Vetro 
buire la presenza di queste Fig. 2.— Un caso di possibile produzione multipla 
coppie, nè altre coppie di par- di fotoni per urto. 


ticelle associabili all’evento: 
tale traccia è interpretata come quella della particella primaria; 


2) un ramo della coppia 6 dà luogo ad un tridente; l’angolo formato tra 
i due rami della coppia formata è di (5 £ 0.5)°, e la sua energia ricavata da 
misure di scattering, di (32 + 6) MeV; 


3) uno dei due rami rispettivamente delle coppie 3 e 10 dà luogo ad un 
elettrone d’urto; 


4) alla distanza di 3.6 cm dal punto A, entro il cono dello sciame, ha 
origine una traccia al minimo di ionizzazione (I/I, = 1.05 + 0.04; pp = 
= (200 + 40) MeV/c), che segue Vevento con la stessa inclinazione nell’emul- 
sione e che potrebbe essere, per esempio, dovuta ad un elettrone Compton 


di alta energia. 


9. — Sono state eseguite delle misure preliminari di scattering e di ionizl 
zazione per potere individuare la natura di queste coppie e possibilmente il 
processo che le ha generate: Vesame dei risultati non è in contrasto con la 
ipotesi che una parte di dette coppie, almeno le più energiche, siano dovute 
alla materializzazione di fotoni generati simultaneamente nel punto A. La 
ionizzazione è stata determinata dal conteggio blobs: il minimo, ricavato dalle 
misure eseguite su una traccia costituente un ramo di una coppia di elettroni 
di alta energia (E = 10° MeV), risulta: I, = (27 + 1) blob/100 um; l’angolo 
medio di scattering è stato determinato col metodo delle sagitte, eliminando 
il noise e la distorsione con le differenze terze [3]. Le misure di scattering sono 
state interrotte ogni volta che la traccia si sovrapponeva con altre ad essa 
parallele, tale da risultarne molto incerto il suo proseguimento. 

Le misure indicano che le tracce 41, b,, Pz possono essere interpretate come 
elettroni: ne deriva che è possibile che la traccia p, sia anch'essa dovuta ad 
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un elettrone: la sua energia, in tal caso, è di (300 + 60) MeV, il cui valore, 
entro gli errori, coincide con la somma delle energie delle tre tracce considerate. 

È difficile stabilire se la traccia p, è originata nel punto A, o se sia un 
elettrone d’urto di una delle due particelle a e b. Infatti, dato il piccolo angolo 
con cui vengono emesse queste tre particelle, esse rimangono unite per un 
tratto di 350 um, dopo il quale la traccia pi si stacca dalle altre due, che riman- 
gono ancora non risolte per un tratto abbastanza lungo. Da un conteggio dei 
blob non si può stabilire se nel tratto di 350 pm la ionizzazione è 3/,, a causa 
del forte errore statistico, però da una misura del diametro medio D dei blob 
e della lunghezza media L dei gap si ricava: 


DI 


traccia p D= (1.2 + 0.06) um ; = (2.45 + 0.08) pm, 


DI 
| 


tratto di 350 um D= (1.634 0.1 )um; - (1.01 + 0.05) um, 


tratto a + bd 


=) 
I 
= 
bo 
| 
Î 


t 0.05) um; VIZI 


La distribuzione dei valori 
2 pm- } 


di D, per intervalli di 50 um, é 

Hg indicata nella Fig. 3 ed essa 

! } 20 E sembrerebbe avvalorare l’ipotesi 

dies Di 3 che nel tratto di 350 um la ioniz- 

zazione è > 2/,. Questo risultato 

è favorevole alla ipotesi che la 

0 ——+ +++ |___++-___++_+—__ traccia p, venga emessa dal punto 

A e che quindi l'evento in A non 

0 icoum è una stella di disintegrazione. 

Fig. 3. Nei riguardi delle tracce a e 

b, le misure di scattering dànno 

+ 200) MeV/c: se esse costituissero una 

coppia di elettroni, il fotone corrispondente avrebbe un’energia di 2-103 MeV. 

Da altra parte, in questa ipotesi, l'energia K ricavata dal loro angolo di aper- 

tura ©, = 1.1-10-* rad, risulta di 1.8-10* MeV e la corrispondenza tra i due 

valori fa supporre che non è improbabile che le tracce a e d siano dovute alla 

materializzazione di un fotone: questo fatto sarebbe favorevole all’ipotesi di 

considerare l'evento in A come un tridente, e quindi la particella incidente p 
come un elettrone di alta energia. 

Le misure eseguite su questa traccia danno: 


I 


per entrambe un valore di pf = (1000 = 


I[I,=14+ 0.04, © (&/100 pm) = (5.5 + 2.1)0-10-3, 


Questo ultimo valore, ricavato da misure di scattering eseguite sul primo cm 
di traccia, a partire da A, è però solo indicativo. 
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3. — Non ci sono ragioni evidenti per escludere a priori che, almeno alcune 
coppie di alta energia, siano dovute al decadimento di particelle 0° o A°; però 
il fatto che Venergia totale #,, ricavata da misure di scattering, non è in con- 
trasto con quella ottenuta [4] dalla relazione K= 4M,02/0,, valevole per coppie 
di elettroni, nella quale ©, indica l'angolo di apertura della coppia, fa sup- 
porre che dette coppie siano di natura elettronica. Inoltre; per esempio, nel 
caso della coppia 3, per quanto gli errori siano elevati, le caratteristiche del 
ramo che dà luogo all’elettrone d’urto non sono incompatibili con Vipotesi 
che si tratti di un elettrone. Vi sono, infine, coppie ove i due rami, data la 
loro energia e la loro ionizzazione, si debbono considerare senz’altro come 
tracce di elettroni. 

Nella Tabella I sono riportati, per ogni coppia: 


a) la distanza d tra la sua origine e il punto A; 


b) Venergia totale B,, calcolata da misure di scattering con un errore 
medio del 20%: 


c) Vangolo ©, e la relativa energia totale K. 


La determinazione di ©, è influenzata dallo scattering coulombiano. Im 
generale ciò conduce ad una sovrastima del valore di ©, e quindi ad una sotto- 
stima dell'energia K. Il valore di ©, indicato nella Tabella è, nella massima 
parte dei casi, la media di più valori ottenuti a diverse distanze dall’origine 
della coppia. 


TABELLA. I. 


Coppia È Li op K 
i (um) (MeV) (rad) (MeV) 
| 1 9300 50 3.5 -10-2 57 | 
2 16000 1700 9 -10-4 2300 | 
3 19400 2000 8g -10-4 2500 
4 23700 44 3.5 -10-2 57 
5 25500 225 | 6 -10-3 | 330 
| 6 31800 2750 | 9 -10-4 | 2220 
| 7 35.500 70 3 ch 0-2 | 66 
| 8 41900 | 98 2.6, «10-2 | 77 | 
9 45100 | 1080 2 -10-3 1000 | 
| 10 | 48800 760 3 -10-3 660 
| 11 | 50700 51 7  -10-2 | 30 
12 51900 =~ | 1.54-10-? | 130 
13 | 59000 63 | 2.5 +10-2 | 80 
14 | 59 200 104 | 1.7 -10-? | 120 
15 63100 135 | 1071 | 20 
16 71600 | de | 1.2 -10-? | 167 
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Infine, per ogni coppia, è stato determinato Vangolo ? e g che la rettai 
congiungente il punto A con l’origine della coppia, forma con la direzione della. 
traccia p, rispettivamente nel piano dell’emulsione ed in un piano normale adl 
essa: nella Fig. 4 è data la distribuzione angolare delle coppie rispetto alla. 
direzione della traccia p. 

Dalle misure si ricava: 


1) d = cm (4.08 + 0.46), valore che coincide, entro gli errori, con quello) 
del cammino medio di mate-- 
rializzazione 2 = 3.6 cm deli 
fotoni entro le emulsioni nu-- 
cleari G5; 


2) > pi 104 Me Vasi 
cui valore non è in contrasto 
con quello della energia della 
particella p; lo spettro dii 
-__+-t+ energia è quello. indicatotg 
Fig. 5: esso non è confronta- 
(pe 231) bile con lo spettro di energia 

di una cascata elettrofotonica. . 


Una analisi della geome-- 
tria dell’evento fa notare che, almeno alcune delle coppie, e precisamente le 
più energiche, si possono considerare associate col punto A, ossia generate 
da fotoni emessi da A. La somma dei momenti trasversali dei fotoni, calco-- 
lata rispetto alla direzione della traccia p, nell’ipotesi che essi siano o gene- 
rati direttamente in A o generati in cascata dagli elettroni delle coppie dei 
fotoni suddetti, dà: 


dopo un cammino di radiazioni: 
— >, p,= 3.28 MeV/c; + > p, = 3.87 MeV/c, 
dopo due cammini di radiazione: 


— > p: = 4.83 MeV/c; => p,=5.0 MeV/c. 


10 
n 
8 
6 8 
4 4 
2 2 pofraceia i 
MeV Mev 
0 10 10° 10° 10° 6 05) Wi Car iS: ) 
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In queste somme è considerato anche il momento trasversale p, della 
traccia p, e delle tracce a e b. La distribuzione dei valori p, è data in Fig. 6. 

Per l’interpretazione dell'evento ci si propone di proseguire lo studio prin- 
cipalmente nelle seguenti direzioni: 1) determinazione delle coppie associate 
realmente alla collisione in A; 2) riconoscimento della natura della particella p 
e di tutte le altre presenti nell'evento. Uno studio più particolareggiato è in 
corso. 


Si ringrazia vivamente il prof. E. PANCINI e il prof. A. BORSELLINO per 
il costante interessamento, i consigli e le utili discussioni e la dr. G. TOMASINI 
per l’aiuto nelle misure e nei calcoli. L’autore desidera anche ringraziare il 
prof. M. SCHEIN per il suo cortese interessamento allo studio di quest'evento, 
e per alcuni utili consigli. 


Nota aggiunta sulle bozze. — La stesura di questa Comunicazione non è stata modi- 
ficata per non alterare quanto fu detto al Congresso di Pisa. Si deve osservare tuttavia 
che dalla data del Congresso a quella attuale della pubblicazione di questi Rendiconti, 
è stato mostrato che nel caso di particelle di alta energia le misure di scattering pos- 
sono essere influenzate da uno scattering spurio, e che l'angolo di apertura ©); formato 
dalle due tracce della coppia, è alterato dallo scattering dovuto alle perdite di energia 
per radiazione di queste stesse tracce. 

Queste considerazioni possono far variare l’enerzia assegnata alle coppie del pre- 
sente evento, modificando eventualmente anche l’interpretazione di esse. 
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INTERVENTI E DISCUSSIONI 


— W. HEISENBERG: 

The events reported and the first event of this type discovered by SCHEIN are? 
extremely important, since they seem to show that Quantum Electrodynamics breaks + 
down already at energies of the order 10 GeV. As a possible explanation of these > 
showers I would like to discuss the idea, that they are produced by mesons of spin 1.. 
As you know, for a particle of spin 0 or spin 3, the probability for the emission off 
quanta varies roughly as [(e?/he) - (hy/me?) |", therefore multiple production of y-rays 
does not occur for a particle of spin 1 however we have to replace this expression | 
roughly by [(e2/he)-(hy/uc)?\", where x is the mass of the particle concerned. There- - 
fore as soon as the energy of the y-quanta gets so high, that the factor under the» 
brackets [ ] gets the value unity or higher, then multiple production of photons must 
occur. This interpretation offers also a plausible explanation of the fact, that y-quanta | 
below a critical value of the fy seem to be very rare. The equation (e?/he)(hy/uc?)=1 
could just determine this critical value. If we extimate from the experiment of! 
ScHEIN the lower end of the y-ray spectrum to be at 400 MeV, then we would conclude + 
a value of the mass of the spin 1-particle around «x — 80 m,. The experiments would | 
require the existence of a charged and of a neutrai particle of this type, just as with | 
the other mesons. The magnetic moment of the neutral ones could be due to the in-. 
teraction with virtual nucleons and z-mesons. Spin 1 particle of the type mentioned | 
and of sufficient energy would also cause tridents with a higher probability than elec-. 
trons; this seems to show up in the experiments. 


— A. BORSELLINO: 


Is the photon energies in the formula ((e?/he)(hv/jc?)*)" for multiple production of Î 
photons by spin 1 particles, evaluated in the laboratory frame or in the center of mass: 
system? 


— W. HEISENBERG: 


This is a trick question. 


— A. BORSELLINO: 


If the mass of the particle is nearly hundred times the electronic mass, it is difficult 
to explain the distribution of the transverse momentum of the pairs. 

Postulating some break-down of electrodynamics, this breakdown could give the» 
intervening of non-linear effects to appear at rather low energies, 10 ~ 30 GeV. So the: 
discussed multiple production of photons, could be explained by assuming for example » 
nearly ordinary bremsstrahlung in a very close collision of one electron with a nucleus, , 
and then this photon will split in two or more photons in the very intense electric } 
field of the nucleons itself. 
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Dispersions of the Estimates of the Scattering Parameter: 
Theoretical Values. 


M. HUYBRECHTS 


Institut Interuniversitaire des Sciences Nucléaires - Centre de Bruxelles 


1. — Calculations made with the Molière distribution of the angle of mul- 
tiple scattering show that the relative dispersion of the best estimate, with 
cut-off, of the scattering parameter y,,, = V4aNsyZe?/peP is much larger than 
for the gaussian approximation of the scattering law. 

For B = 8 (*), one finds o_, = 0.88/Vn and for B = 10, o,,, = 0.845/Vn 
instead of ¢,,, = 1/V2n = 0.707/Vn for the gaussian. 

The relative dispersions of estimates calculated from absolute or quadratie 
means with individual cut-off, with or without replacement, can be put in the 
form .0 = R/V2n — R(0.707/Vn) where depends on the mean used and on 
the value of B. 

The ratio of the dispersions of absolute and quadratic means is also very 
different from the value in the gaussian case. 


2. — The results can be applied to quadratic forms of « caracteristics » 
(Merkmale) with correlation. 

One finds that the dispersion given in gaussian approximation by the 
Moliére-d’Espagnat method must be multiplied by the factor Rf calculated 
for quadratic means. 

If we replace, in the quadratic forms, the sums of squares by the squares 
of the sums of absolute values, we may assume that the dispersion is given, 
as a first approximation, by the dispersion calculated for quadratic forms by 


€ 
(*) B—InB = In —Q, = In 2, — 0,154 


Ì 


Q, being the mean number of single collisions per cell for p2~1 and s = 100um, figvesots} 
in the photographic emulsion (G 5). 
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the method of Molière-d’Espagnat, multiplied by the factor R calculated for 

absolute means. 
In the sagitta method, when single cells are used with negligible noise, 

the relative dispersion is sometimes expressed in the form: 


o = y/V.89n, we 0.007 


The theoretical values of y are given in following paragraph. 


3. — Values of R and y for Ba 3. 


1) Quadratic means: 


a) individual cut-off with replacement at 2V D? (GOLDSACK): 


R =1.26 y = 0.89 


b) individual cut-off without replacement at 3VDE: 


Be 271.88 wy = O98 
2) Absolute means: 
a) individual cut-off with replacement at 3|D,| 
Be 1720 y = 0.88 
individual cut-off with replacement at —4|D.|: 
eS LF y = 0.90 
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The Energy Spectrum of Cosmic Ray Protons at Sea Level (*). 


H. FirBEUTe (*) 


II. Physikalisches Institut der Universitàt — Heidelberg 


The vertical proton component 150 m above sea level was analysed bet- 
ween 18 MeV and 350 MeV with a proportional counter telescope. The counter 
arrangement (Fig. 1) distinguished protons from other Cosmic Ray particles 
using the dependence between specific ionization and rest range. With two 
proportional counters (15 em g,1m length), one above the other, the ionization 


loss of a particle could be measured on two defined 
points of the particle track. If a particle penetrated both 
counters the top one recorded an energy loss £1. Because 
the particle had to penetrate a fixed thickness of ma- 
terial between the counter volumes, the energy loss e, 
will correspond to the energy loss é in the lower 
counter. For any kind of particle one gets a characte- 
ristic depen dence between e, and e». According to 
LANDAU [1] and Symon [2] there is of course a stati- 
stical fluctuation of the energy losses around their ave- 
rage values. But mesons and protons were very well 
separated by this counter arrangement. 


Fig. 1. — The counter arrangement for detecting protons. 

The two proportional counters PI, P2 measured the ionization 

of a particle at two points of its track. Only particles were 

recorded that triggered one and only one counter A and one 
and only one counter B but no counters C. 


(*) Published in full detail in Zeits. f. Naturforsch. 10a, 219 ( 


(+) Now CERN, Genève, Schweiz. 
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The counter telescope shown in Fig. 1 triggers an electronie device which! 
writes e, as a function of e, on the screen of a cathode-ray tube. The lightening: 
pulse for the tube was triggered by a fourfold coincidence between the coun- 
ters A, B and the two proportional counters P1, P2. The coincidence signal 
occurred only for particles that penetrated one and only one counter A, oned 
and only one counter B, and the two proportional counters but no counters (0); 
The anticoincidence counters C were necessary to eliminate fast u-mesons that 
made knock-on-electrons in the counter walls and therefore gave rise to a strong 
ionization in the counter gas. The proportional counters were calibrated with! 
the X-ray fluorescence radiation of Tin (Sn-A, = 25.3 keV) and Copper 
(Cu-K, = 8.06 keV). 

The apparatus recorded only protons of a definite energy. The energy) 
could be varied by changing the 
lead thickness between counters 4 
and B. The measured differentia, 
energy spectrum of the vertical pro 
ton component between 18 MeV anc 
350 MeV is drawn in double loga 
rithmic scale in Fig. 2. The speed 


trum has a maximum at 80 Me\ 


and decreases very fast at highe 


energies. For the vertical flux in 


the region measured here one getl 


0.56-10-* (cm? s sterad)-* . 


protons cm ?s'ster'Mev~! 


MyLRoI and WiILson [3] found ay 
sea level a vertical flux of 


55-10-4 (em? g sterad)—2 
6 Da SS n 0.55 -10-4 (cm? s sterad)— , 
proton energy MeV 


Fig. 2. The differential energy spectrum for protons with energies more than 
a wen du ee tae proton inten- 500 MeV. The protons observed a 
sities found here (9) and the results given BRICO 
2 - sea level are therefore str 
by MyLror and WiLson [3] with a magnetic li 3 ae ao 
spectrograph (+) are shown. The intensities about equally in the energy region 
(9) above 100 MeV refer to energy intervals 18--350 MeV and in the region a 
AE that are too small to be shown in the bove 350 MeV. 
figure. Above 200 MeV there exist mea! 
surements of the proton spectrun 
by My Lror and WILson [3]. The spectrum found by these authors is alse 
shown in Fig. 2. 


Almost all protons at sea level are of secondary origin. They are created 
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in nuclear collisions in the atmosphere about one collision length above the 
observation point. It is possible to calculate the observed energy spectrum 
using the energy spectrum of protons emitted in such nuclear collisions. With 
this idea, Rosst[4] calculated the spectrum of the low energy protons 
(BE <1000 MeV). He used the Camerini spectrum of protons [5] emitted in 
stars in emulsions. Taking into account the ionization loss of the protons 
between their origin and observation point, he got a similar spectrum as that 
measured here. The maximum lies at 100 MeV. 

At 3400 m above sea level WHITTMORE and SHUTT [6] measured a ver- 
tical proton flux of 


9.6-10-4 (cm? s sterad)= , 


between 50 MeV and 370 MeV. A comparision of this intensity with the inten- 
sity measured here at sea level shows that the low energy proton component 
decreases by a factor 19 between 3400 m and sea level. Assuming an expo- 
nential absorption law there would result an absorption length of 120 g/cm?. 


* OK OK 


I would like to thank Prof. Dr. O. HAXEL for his encouragement and gui- 
dance during this work. It is a pleasure to thank Prof. Dr. J. H. D. JENSEN 
for his valuable advice, and Dr. J. HEINTZE for his suggestions. 
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A Very Narrow Electron-Photon Shower Registered 
in Nuclear Emulsions. 


M. Minsowicz, W. WOLTER and O. STANISZ 


Laboratory of Nuclear Physics — Kracow 
Institute of Physics, Polish Academy of Science — Kracow 


In a stack of 20 G5-600 um stripped emulsions exposed at about 20000 m | 
during the Sardinia expedition we have found an extremely high collimatedì 
shower of electron pairs, without any other tracks of ionizing particles in theg 
neighbourhood [1]. The point of production of the first pair is inside the¢ 
emulsion and the shower is observable on the length of — 7.5 cm i.e. — 2.4 rad. 
length. 

The first 13 pairs generated on the length of 1.5 rad. length are given im 
the Table I. | 


Tac I. 
= = —— | — ] 
Distance to the | Energy Distance to the | Energy 
Paix point of origin | of the Pair point of origin | of the 
of the first pair | —photon of the first pair | photon 
(um) |-- 4e¥) (um) (eV) 
= ==> î = = a = 
1 0 | 2-108 8 30610 | 3-10? 
D 9390 | 3.109 9 34.890 | 3-101 
3 16 390 | 2-108 10 38 710 3108 
4 17500 MIO 11 30 880 ee srLOn 
5) 23 830 | 4-108 12 42720 | 2010 
6 27 820 | 2-101 13 43540 | Zales 
7 29 990 | 2-108 


Most of them have their origins in a cone of a half angle ~ 10-4 radians4 
The energies of the pairs were roughly estimated from the angle betweerl 
the electrons of the pair using the formula of Stearns [2]. For greater deptha| 
of the shower it is difficult to resolve the individual tracks. | 
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A closer analysis of all the tracks listed in Table I shows that out of 13 pairs 
observed, only two pairs viz. Nos 7 and 11 have origins which are distictly 
separated from the other tracks. All the other pairs have origins which are 
indistinguishable (within a limit of 0.5 um) from the other tracks. There are 
apparent tridents i.e. pairs generated by highly 
collimated photons converted indistinguishably 
close to the parent path of high energy elec- 
trons, or pairs generated directly by electrons 
«true tridents». This question has been dis- 
cussed quite recently by BLock and KING [3] 
and by KosHIBA and KAPLON [4]. 

The extremely high collimation and the effect 
of apparent tridents give arguments that we 
have here a cascade multiplication and not a 
shower of independent photons similar to the 
events described by SCHEIN et al. [5] and DE- 
BENEDETTI et al. [6]. This very large number 
of apparent tridents is a characteristic feature 
for cascade showers of energies above 100 GeV 
observed in emulsions. We tried to analyse our 
event on the basis of cascade theory (using the 
tables of JAnossy and MESssEL [7]) although 
the exactness of this analysis for the depth of 
the shower 1.5 rad. length is poor. From this 
analysis follows that we have in our shower a_ Fig. 1. — High energy electron- 
marked excess of high energy pairs. photon shower. The horizontal 

It seems possible that among our 10 appa- scale is multiplied by a factor 

È È È 200 relatively to the vertical 
rent tridents we have some true tridents. This scale. The figures in circles 
assumption could give us a picture consistent sive the numbers of pairs from 
with what we observe, when the mean free Table I at the point of their 
path for trident production by electrons having origin. 
energy of 10--100 GeV would be about one ra- 
diation length according to the value given in the recent paper of KOSHIBA 
and KAPLON [4]. 

The full analysis of the event is now beeing worked out. 


* OK Gk 
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from the Sardinia expedition. 
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Interazione nucleare dei mesoni = in orbite atomiche. 


S. DE BENEDETTI, M. STEARNS, M. B. STEARNS e L. LEIPUNER 


Department of Physics, Carnegie Institute of Technology - Pittsburgh, Penn. 


[Il testo completo di questo lavoro non essendo pervenuto alla Reda- 
zione, pubblichiamo il riassunto dato a Pisa dall’Autore e gli inter- 
venti seguiti nella discussione. N. ASUS: 


Riassunto. — L'interazione specificamente nucleare fra un mesone x e un nucleo 
influenza in due modi lo spettro dei raggi X degli atomi mesonici: la cattura nucleare 
riduce l'intensità delle linee, e le forze fra il nucleo e il mesone spostano la posizione 
dei termini spettrali. Entrambi questi effetti sono stati investigati sperimentalmente. 
Risultati preliminari sulle intensità, indicano che le linee K dei mesoni sono effetti- 
vamente attenuate dalla cattura nucleare per Z>8;le linee L per Z > 20, e quelle J 
per Z > 50. L’energia delle linee è stata studiata sia con la tecnica della selezione degli 
impulsi di un contatore a Nal, sia, qualora possibile, con misure di assorbimento critico. 
Le energie teoriche per le linee Le M. corrette per l'estensione finita del nucleo, per 
la polarizzazione del vuoto ecc. sono in accordo con i valori misurati se la massa del 
mesone x è fra 272.2 e 273.6 masse elettroniche. Usando lo stesso valore della massa 
e le correzioni di cui sopra per calcolare le energie delle righe K, si ottengono valori 
più alti di quelli osservati sperimentalmente. Ciò può interpretarsi come dovuto a una 
repulsione fra il nucleo e il mesone x nello stato 1S. La grandezza dello spostamento 
del termine 1S è in grossolano accordo con l’ipotesi che l’effetto dei vari nucleoni sia 
additivo, e che l’azione dei nucleoni individuali possa descriversi con « S scattering 
lenghts », a, € a3 (per spin isotopico 3 € % rispettivamente, e per energia zero) tali che 
2a, = — 0.06 lunghezze @onda Compton per il mesone. 


INTERVENTI E DISCUSSIONI 


= he HS. BURHOEE 

Were you implying that the discrepancy in the r-mesic Auger transition rates was 
also to be associated with the nuclear interaction? This is more likely to be associated 
with the assumption of initial meson capture into circular orbit, which has usually 
been made in the calculation. In any case a similar discrepancy occurs 1 the case of 


u-mesie atoms. 


— §. Dr BENEDETTI: 
I was not implying a nuclear interaction as an explanation. Possibly the equation 
is to be sought in some neglected atomic effect other than Auger and cascading. 
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xt-Production in p-p Collision at 383 MeV 
in a Diffusion Cloud Chamber (*). 


M. H. Arston, A. V. CREWE, W. H. EVANS 
G. von GIERKE and P. R. WILLIAMS (*) 


Nuclear Physics Research Laboratory of the University — Liverpool 


(Reported by G. VON GIERKE (*).) 


After the Liverpool 156 in. synchrocyclotron came into operation for experi- 
mental research a hydrogen filled diffusion chamber was used to investigate 
the 7* production in p-p collision. The meson can be created in two reactions: 


. I 
(1) peperina cross-section 0,0; 
and 
K 5 " 
(2) pt+tport+n4+p. cross-section o,,. 


The experiment was performed to investigate the angular distribution, the 
spectrum and the branching ratio of the two reactions, because there was 
very little known about the « unbound » reaction (2) and there was a disagree- 
ment between the branching ratio predicted by the existing phenomenological 
theory of BRUECKNER and WATSON, treated also by ROSENFELD and by GELL- 
MANN and WATson, and all the previous experimental results. A cloud chamber 
is an excellent instrument to use in this investigation because the branching 
ratio, angular distributions and spectrum of both reactions can be measured 
in one experiment with good resolution. 


(*) Under the direction of Professor H. W. B. SKINNER. 

(+) Stipend member of CERN. è 

(x) At the Pisa Congress the analysis of the experiment was not quitecompleted. 
So the final figures and the conclusion drawn have not been stated. A full report of 
the experiment will be published soon. 
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The cloud chamber was filled with 28 atm of hydrogen. A pulsed magnetic 
field of 11200 + 200 gauss was applied to the sensitive region of the chamber 
by passing current through a set of Helmholtz coils. The proton beam extracted 
from the synchrocyclotron by the peeler-regenerator system was of excep- 
tionally high intensity of about 4:10" protons/em? s. The beam was well col- 
limated outside the large fringing field of the cloud chamber coils. It entered 
the chamber through a 0.006” Dural window which was fixed on a 10" long 
extension tube to prevent the background produced in the window entering 
the chamber. The beam appeared in the chamber as a very dense core of 
about 1" wide surrounded by a fan of slit scattered protons. An intensity of 
2-104 protons/picture was used. The absolute energy of the protons was mea- 


sured by an absorption method as 383 + 3 MeV and there was no measurable 

beam energy spread. 1300 pairs of stereoscopic pictures were taken. The 

pictures were reprojected and production angle and curvature of the created 

mesons were measured yielding 182 measurable mesons with dip angles < 20°. 

For the final analysis only 109 mesons in the centre of mass angular range 

80°-160° were used, because scanning became inefficient at other angles. 
Our results are: 


number of mesons reaction (2) 
total number of mesons 


Branching ratio = 


— (46 ae 9) oe 


Angular Distribution: 
do'/d@ oc (0.19 + 0.06) + cos?  , 


and 


do"/dw oc (0.21 + 0.06) + cos? 3. 


A distribution 0.19 + cos? d for the «bound » reaction (1) is given by a 
semiempirical formula of Rosenfeld but the branching ratio predicted is 30%. 
The shape of the meson spectrum from the « unbound » reaction (2) could only 
be explained by a large contribution from transitions leading to p sate mesons 
and P state nucleons. This contribution was found to be (42 + 32)%- 

A (Pp) contribution of about this magnitude would also explain the branching 
ratio found in this experiment. Taking into account the variation with 7° 
(7 = maximum momentum of pion in the centre of mass in units of pc in the 
« unbound » reaction) a value o (PP) ew 1.278 is obtained. This term would 
also bring in agreement with the phenomenological theory the results obtained 


by other authors. 
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Pion-Proton and Pion-Nuclei Interaction at 120 MeV. 


G. FERRARI, L. FERRETTI, R. GESSAROLI, E. MANARESI, E. PEDRETTI 
G. PuPPi, G. QUARENI, A. RANZI, A. STANGHELLINI and S. STANTIC 


Istituto di Fisica dell’ Università - Bologna 
Istituto di Fisica dell Universita - Padova 


1. — Differential cross section for (7*, P) scattering. 


In nuclear emulsions exposed to the positive pion beam (135 MeV nominal 
energy) of the Chicago synchrocyclotron, we have found 545 scatterings on 
protons, in the angular interval 15°—180°. 

The differential cross section has been analysed in terms of partial waves, 
assuming that only S and P waves are of importance. The analysis gives the 
following solution: 


Ag == SS 12.20, A31 ai TRO X33 = 31.49 . 


A full account of this work has appeared in Nuovo Cimento [1]. 


2. — Coulomb interference. 


Taking into account the energy dependence of the phase-shifts, it can be 
shown that, in order to detect Coulomb interference, the more convenient 
energy interval extends between 100 and 130 MeV. Our results at 120 MeV 
and Orear’s results at 113 MeV favour destructive interference. 

Stronger evidence in favour of this conclusion is obtained by combining 
the results of both experiments. 

A full account of this work has appeared in Nuovo Cimento [2]. 
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3. — Search for partial waves with / >1 in (zx, P) scattering. 


In a scattering process, if the partial waves are restricted to the S and 
P waves only, the expression for the differential cross section is of the type: 


do/dQ = a + bceosd + cos? ?. 


But if D waves, F waves ete. are present one must add more terms in higher 
powers of cos 7. 

In the pion-proton scattering for energies up to 200 MeV, P waves are 
dominant, and the experimental data have been analysed taking into account 
S and P waves only. 

If other waves enter in the process, one could expect to find some effect in 
the behaviour of the angular distribution near 0° and 180° where cosines of 
higher powers are more important. Because of the small solid angle, it is dif- 
ficult to obtain good statistics at these angles. We have found a method ho- 
wever, to increase rapidly the statistics of the backwards scattering of positive 
pions by protons. The experiment was performed using a stack of stripped 
emulsions exposed to the 135 MeV positive pions produced with the synchro- 
cyclotron of Chicago. The angular distribution was first obtained, by area 
scanning and these results have been reported by FERRETTI et abe [FE] 

This method of scanning is based on the detection of the recoil protons. 
In back-scattering, the recoil proton has the biggest energy and is projected 
forward at a small angle, with respect to the directions of the incident pions. 
For the scanning, a section of the emulsion perpendicular to the beam direction 
was observed and all grey and black tracks crossing the section and form- 
ing an angle with the beam direction smaller than 30° were noted. Every 
track was followed in the opposite sense to that of motion of the pions, until 
the track either went out of the emulsion or appeared to emerge from an 
interaction. 

It is easy in this manner to identify many x-proton events. By using this 
method we have collected 348 x-proton events with scattering angles # c.m.s. 
~ 135°, Correction factors must be applied to the observed frequencies, because 
the efficiency of the scanning depends, for geometrical reasons, on the scat- 
tering angle. In order to calculate the correction factor, as a function of the 
angle 9, we have used the Monte Carlo method. An analytical calculation 
becomes too complicated if one wants to take into account the angular spread 
of the beam. Thus we have obtained the angular distribution in the interval 
135° +180° (Fig. 1). Within the experimental errors there is good agreement 
with the earlier distribution found with area scanning. We have normalized 
our distribution taking into account the cross section between 135° and 180° 
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as it results from area scanning. To obtain a final distribution we have averaged 
the two curves. The differential cross section is shown in Fig. 2. It is based 
on a total of 871 events. It appears clearly that the behaviour of the experi- 
mental cross section confirms the assumption that only S and P waves are 


present in the scattering process. 

Calculations are in progress 
in order to determine an upper 
limit ‘of! the contributions ‘of 
higher waves. 


area scanning 


along gray tracks 


135 150 165 180 30 90 150 180 
Fig. 1 Fig. 2. 
| Stars + Stops Stops Inelastic seat. 
pe alici Pec Ds =i = =P 
No. of events 130 99 3 11 29 
Mean free path 32.20 43.15 1395.59 388.39 144.37 4 
(in cm) + 2.82 + 4.24 + 806.70 + 116.98 + 26.83 + 
c ; 
È Ne 0.652 | 0.487 0.015 0.054 0.145 
arn) + 0.057 + 0.049 22001009 + 0.016 10027] Hi 
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4, - Interactions of positive and negative =-mesons at 120 MeV in photo- 
graphic emulsion. 


Two stacks each of twenty G5 stripped emulsions of 600 um thickness and 
measuring 7 <11 cm?, exposed to the beam of 135 MeV (nominal energy) po- 
sitive and negative pions of the Chicago synchrocyclotron have been scanned 
following the pion tracks. Only some of the central emulsions of each stack 
were partially explored, starting from 0.5 cm from the entrance edge, for a 

I length of 3 cm in the beam direction. The total length of the tracks of the 
| positive and the negative pions followed is 4186.76 em and 4272.30 cm respec- 
| tively; a correction of 6% has been introduced to take into account the con- 
| tamination of u-mesons and electrons. 

| The various phenomena occurring have been classified in the following way: 
| 


a) «Star». Event in which the incident x-meson disappears and pro- 
duces a nuclear disintegration with one or more black or grey prongs. 


| 
b) «Stop». Event in which the z-meson disappears in flight with no 
visible disintegration products. 
c) « Elastic scattering ». Event in which the incoming x-meson is scat- 
tered by 10° or more and without any measurable energy loss. 
d) «Inelastic scattering ». Event in which a x-meson emerges from the 
interaction; either alone with evident energy loss, or accompanied by one 


or more prongs. 


In Table I the results of the scanning are presented. The energy distribut- 
ions of the scattered pions in the inelastic events are shown in Figs. 3 and 4. 


Boars + Stops + Elastic scatterings 7 +p 
jelastic scatterings (*) Roel i ee A i: I hata 
VIA | aie | Pe + io = 
144 | 20 | 21 9 0 
425.37 29.67 209.34 | 203.44 465.19 = 
A 1.97 + 2.47 + 46.83 | + 44.42 + 155.06 
10.828 0.708 | 0.100 | 0.103 cani a 
10.064 + 0.059 + 0.022 | + 0.027 


(*) Here are included 3 events in the positive group and 6 in the negative one, which certainly 
are not elastic but do not allow better classification. 
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TABLE II 
y re Î Î 
No. of prongs | 1 2 | 3 | 4 5 6 
| 
<= SII x: SE DI | | 
| | | | 
xt 3 10 ee es 299 | 14 9 
24% |~7,9 O% Ol 3 oF | 27.6 9% 022.809, | 11.0 9 i> alee, 
= | | 
| | 
= ian a a 18 10 4 3 | 
11.6% | 221% | 29.5% | 18.9% | 05% | 42% | 3.2% WI 
l TARE 
No. of prongs 0 | 1 2 | 3 4 5 | 
| 
nt 19 3 1 0 | 1 
14.3% | 67.9% | 10.7% 36% | | 36% @ 
= 6 28 3 1 3 | 0 
14.6 % 68.3 % 71.3.%, 2.4 % tas 96 | 
N : 
TT 
> 


0 10 20 30 40 50 SO. > 70 80 90 100 110 120 130 
E (MeV) 


do 20) 530 40) 508 Go 70 80 90 100 110 120 
E (MeV) 
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The present results are in good agreement with those of LEDERMAN et al. [3] 
and of BERNARDINI et al. [4]. Work is in progress to improve the statistics. 
The ratios inelastic scatterings/(inelastic scattering + stars + stops) are: 


0.176 + 0.030 for positive pions, 
0.292 + 0.038 for negative pions . 


The ratio between these two frequencies is 1.66 + 0.35 up to date. 

In Table II the frequencies of the stars versus the number of prongs are 
given. We have considered as prongs the tracks longer than 5 ym. 

In Table III the same distribution is given for the inelastic scatterings 
excluding the scattered pions. 
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Photoproduction of Positive Pions in Hydrogen. 
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The experiment already described by BERNARDINI and GOLDWASSER [1] 
on the reaction 


w+pond+n7, 


and analyzed at 90° C.M.S., has been completed for the following C.M.S. an- 
gles: 59°, 123° and 159°. The previous results of BERNARDINI and GOLDWASSER 
at 90° have been revised by a more extensive scanning. The data presented 
here (E, = 170 to 230 MeV L.S.) are interpreted on the basis of a pheno- 
menological analysis. 

The characteristic merit of this experiment, based on the use of G5 pellicles 
imbedded in a homogeneous sea of emulsion, is that it provides, at each angle, 
a continuous spectrum of pions corresponding to the photon spectrum. This, 
experimental arrangement, besides the advantage that the systematic errors. 
are small and easily estimated, gives more dependable measurements of the: 
energy dependence of the absolute cross sections. 

The same fact has allowed us to split conveniently the energy bins to) 
which the measurements are referred. They have been the following: 170,, 
180, ... 230 MeV (L.S. photon energy). The differential cross sections as a fune-| 
tion of the C.M.S. angles are presented in Table I. 

The main corrections introduced into the final values are the following:: 


1) The pion background from the target walls, amounting to about 3% 
has been subtracted. It has been measured both by counting the negatives 
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pions observed in the pellicles and directly by exploring pellicles exposed to 
an evacuated target. 


rss 1G 
E, | (do/ denna ol Or sens 
MeV : - ii , T i 
(MeV!) 59° 930 1230 1590 
170 62 + .04 .54 + .04 ne = 
180 ean Os |. de 76 + .05 66 + .09 
190 72 + .05 OT 05. =| IT 2500 15 + .06 
200 .80 + .06 .98 + .06 | 1.05 + .06 .95 + .07 
210 1.00 + .07 1.22 + .07 1.07 + .07 1.07 + .08 
220 | .97 + .09 1.34 + .07 1.21 + .08 1.21 + .08 
230 _ — 1.54 + .09 1.30 + .10 


2) The scanning efficiency is based on two independent and complete 
scannings, assuming for each observer that the probability of missing a 7-p decay 
is independent of the peculiarities of the track. This correction was never 


more than 3%, usually about 1%. 
3) Decays in flight ranged between 6 ams o/s 


4) Nuclear interactions of the pions before ending. The cross sections 
for + interactions in nuclear emulsions given by STORK [2] have been used. 
They ranged, according to the pion energy, from 0 to 4%. 


In the worst cases the total correction does not surpass 15%, with an error 
which is estimated to be about 20%. The errors indicated in Table I include 
those estimated for the above corrections and further the errors in the beam 
calibration and the solid angle. 

The energies of the pions have been determined from the observed positions 
of the 7-1 decays. The straggling was found to be negligible. These energies 
have been corrected for the energy losses suffered by the pions in crossing the 
liquid H, target and walls. 

Finally, in order to determine the solid angle, 
pellicles has been measured. Knowing that the ratio A —N(n-p total)/N(m-u>E) 
depends on the thickness ¢ and the chord length R of the decay ws ast = 
=2R/A, the effective thickness of the pellicles has been found to be (535---12) um. 
This is within the 10% tolerance given by Ilford for their 500 pm pellicles. 

The differential cross sections previously given have been analyzed, at 


each energy, assuming that 


the effective thickness of the 


d 
È Elea ca dio. É 
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This is certainly correct as far as only S and P waves of the pion-nucleon 
system contribute to the process. A parabolic fit in cos? gave for the coef- 
ficients the values of Table II. 


TABLE II. 

E. (LS.) | (do/d2) 51s, = Ap + A, 0089 + A, cos? 0 | 
Y |— e - - ——- | 
(Bev) | A029) em — A,-10?° em? | — A,-10?° cm? 

180 76 + .04 | .09 + .06 | 20 4210 | 
190 90 + .04 | 16 32.07 | tse ] 
200 99 + .04 | 22 + .09 | TIE 
210 1.17 + .05 ae | +29 Ad 
20 27 + .06 30..10 44 + .16 


In the limits of the assumptions, the first coefficient A, may be split into 
A, = Ay; + Aw, 


where A,, is the S wave and A,, is the isotropic part of the P wave. 

Another simple relationship between the coefficients can be obtained if a 
multipole analysis of the Aizu, FERMI[3], WATSON and GELLMAN [4] type is 
performed. If the phase shifts involved are small, as they really are at those 
energies, this relation is the following: 


A! 


= 4Aos(Aop ain Ay) È, 


Consequently, solving with respect to A,, and A, we get Table III. 


TABLE III. 
E, (LS. 2 

ns Aye l0°L em App 105% em 
180 I .55 + .09 .20 + .11 
190 553.42 09 Se) er 
200 .62 + .12 37 + .14 
210 (37.718 130 14 
220 .81 + .16 -46 + .19 


It is now of some interest to investigate, apart from the statistical factors, 
the energy dependences of these coefficients. If one writes 


do tà 2 
(Fal s ES 4 


7 
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where 


is proportional to the usual kine- 


AT 93° CMS. matical statistical factor, then 


| instead of (1) one must put 


2.0 


(r]}x 10%%mÈ Sai | 
| 
| 
| 


2) 


1 I | 1 /do 
| 9 i 4 a er = SL < 
| | path ct | x 10)... | 


+ | = dy + @ cos 6 + a, cos? 0. 


| | | 
| | | It is found that 


| | n° 
: 0.2 04 06 0.8 E do =|T|$o0 = E (To) , 
‘ pe i AQ 90° 


Piss al: 


is constant within the limits of 
the rather small errors (see Fig. 1). But, at the same time, a, is definitely 
negative, and the constancy of a, could be explained only with a non-con- 
stant a,-term as that expected 
by gauge invariance. Actually 
this term is, apart from small 
corrections due to the direct 
pion-current interaction, of the 
type 


The mean value obtained from 
the experimental data (see Fig. 2) 
is 


-0.5 
| PHOTON ENERGY, L. 
li L al 
160 170 180 190 200 210 220 230 240 


Eo; = (1.50 + .10)-10-* cm’, 


n= al 


5. (MeV) 


which is to be compared with that 
deduced by Letss et al. [5] from 150 
the total cross sections as (1.604 Fig. 2. 

fr; .10)-10-?° cm’. 

Evidently in a, the terms in 7? + ... almost cancel the corresponding terms 


of the isotropic part of the P wave. 
The size of the errors in A, do not allow any definite conclusion about the 
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T P wave part. The only point 
Ao} x 10cm worthy of being noticed is that 
the <A,, coefficients (Table III) 
follows very closely the behaviour 


0.5 


of A, (Table II). Fig. 3 clearly 

exhibits this fact concerning the 

| coefficients A,, and A,. One may 

A,|x10¢m also observe that if a, would be 

really constant, taking into account 

the energy dependence of the gauge 

-05 = invariance term, the 7? dependence 

of the P wave would be correct onl& 
very close to the threshold. 

Finally as far as concerns A,, 


PHOTON ENERGY, L.S. cS 
150 160 170 180 190 200 210 220 230 240 


9 


Fig. 3. Fig. 2 shows the behaviour ver- 
sus E,. 
If we recall now, that according to the analysis of Fermi and Watson, 
we may write 
agli |2 [Orsa ly | 
Agi yh Mae st Ae teal) 


A, = x'(|K |?— |x DE 


2 |—Y 


we can deduce the value of | A /*, which experimentally is 


E, (LS. Bee ae 
180 0.00 | 
190 0.00 | 
200 0.10 | 
210 0.01 
220) 0.02 


We have further that 


K =(M,3)— 4£,])— M.(3), 
where M,(3) is the magnetic dipole transition amplitude for a total angular 
momentum 3, M,(4) is defined similarly and E, is the electric quadrupole. 
The smallness of K? shows that 


M,(3) — 32, 


An extensive discussion of this relation and of others which can be easily 
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derived [4] (which allow the determination, for instance, of the ratio of M,(3) 
to E.) will be published in an extensive forthcoming paper. 

The value given above for es permits a determination of the interaction 
coupling constant f?. Taking into account the nucleon recoil, and considering 
(see subsequent paper) the negative to positive ratio at threshold to be 


ro 80.2 153, 


one finds (*) 


ATI 


This value, which comes from the measurements at all angles, is in very 
good agreement with that deduced using the 93° data only (1). 


(*) f2 = (u/2M)?g* = the PS-PV interaction coupling constant. 
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With the same experimental apparatus and technique of analysis mentioned 
in the preceding communication on the photoproduction of positive mesons} 
in hydrogen, the two deuterium reactions 


Arr 
hr +d C 
n-+n + rt 


have been studied. The sign of the charge of the mesons was determined by’ 
the mode of decay in the emulsion. The selected angles were 45°, 75°, 105° | 
and 150° in the laboratory system, and the pion energies ranged from 5 to) 
about 80 MeV. The principal aim of the experiment was to obtain some in- + 
formation about the reaction 


hv+n>ptr. 


This would be rather simple if the interaction of the electromagnetic, nucleonic 4 
and mesonic fields in deuterium are such as to allow the use of the impulse-4 
approximation. This is sufficiently correct if, during the interaction, the: 
distance of the nucleons in deuterium is greater than the dimensions of the: 
mesonic cloud around the nucleon, i.e. — #i/ue (+). With the use of the Hulthén 


(*) Theoretical arguments as well as the recent results of R. HoFstADTER and R. 


W. McALLISTER (Phys. Rev., 98, 217 (1955)) show that this estimate is correct. If any, 
the average size of the pion cloud is smaller. 
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function, this has been found to be correct for about 80% of the time. When 
the distance of the two nucleons is less than the Compton wavelength of the 
mesons it is plausible to think that the principal process is the photodisin- 
tegration of the deuteron with no appreciable photomeson production. This 
argument is somewhat substantiated by the experimental results of LITTAUER 
and WALKER [1] for the pion photo-production on nuclei, and from the photo- 
disintegration of the deuteron [2] around photopion threshold. 

If the above assumptions are correct, one can apply two-body kinematics 
to the photopion processes in deuterium. Actually, as can be verified, with 
the Deuterium wave function and the impulse approximation [3], the energy 
and angular spreadings due to the nueleon motion in the initial deuteron are 
practically symmetric around 


the energies and angles for a 59° 93° LES 159° 
nucleon target initially at rest | (22), 320% AT Ey=188 MeV cms. + 
in the laboratory system. In RA n a 
this particular experiment, with 10. | = zee =’ sn 
the continuous pion spectra, i sd 
the effect of the spreading is Po a a reosss=s san 
minimized by averaging over i | 
fairly wide photon energy inter- Sr "7 A 
vals. Energy bins of 10 and | a {+d-(p.p)+x° 
20 MeV were chosen which are PE ee 

cosy ey tpontn 
comparable with the average E iS. . | | 
energy spreading due to the +10 +0.5 0 - 05 -1.0 
nucleon motion. Hence, we Fig. 1. — Angular distributions for m and zt in 


have compared the cross sect- deuterium compared with those in hydrogen. 
ions in D with those in H at 

each angle in the center of mass system, with the assumption, that apart 
from the Coulomb interaction, the D pion photoproduction is that on free 
nucleons. 

This comparison is shown in Fig. 1, where the differential cross sections 
for the production of positive and negative pions on D are plotted together 
with those of positive pions on H. The trend of the curves is the same and 
the attenuation factor 


) == .S1 al .04 ’ 

) 

is constant within the limits of the errors in the range of our angles and 
energies (*). This value of F agrees well with the value expected from the 
preceding assumption of no photoproduction on nucleons at distances less 


5. dop(+ 
 dog(+ 


(*) The cross-sections in Fig. 1, as well as the ratio F are based on values which 
do not include the appropriate corrections to the pellicle thicknesses. The data may 
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than the Compton wave- 


190) x10°°cm' = a+ by’ a-(D)=2.54t.14 ; 
x (aalems. b-(D)=-125%.29 length of the meson. 
b+(D)=-.05 4.20 i 6 = 
at(H)=1.71t.10 the cross sections at 39° C.M.S. 
fi = . = 
i Rara which can be expressed as 


do 
SA =‘! | Y ’ 
ae And 


i where. 7’ is the usual kine- 

2 matical-statistical factor for 

x a nucleon at rest in the la- 

a Y +d—(p,p)+® ; 

dina ea boratory system. In Fig. 2 

o ip +P nen” are plotted the values of | 7 |? 

kl for various energies for both 

DE: ie 6 a cao D and H. From this data 

Fig. 2. — Analysis in 7° for r- and m+ matrix ele- 40 experimental value of 

ments at 90° from D and H. the ratio 

sane 
don(+) 


SEI ab ba | aM, SANDS ET AL. can be determined at the 
oA so He leaves | | different energies as is shown 
in Fig. 3,. In harmony 
with the above outlined ar- 
guments, the energy depen- 
dence of |Z)? should be a 
les power series in the pion mo- 
mentum 7, and the first 
power term should ne negli- 
gibly small at 90° center of 
È 5 7 ie mass system. The value of r 

at threshold, from a straight 
line extrapolation in 72, is 


Fig. 3. — The x~/x* ratio at 90° cm. The point of 
SANDS and coworkers has not been included in the 
analysis. Ta == L.S0/4- 107, 


if the last point at 230 MeV is excluded (solid line), and 
to = 1710S 125 


if the last point in included (dashed line). 


be changed within the 10% tolerance given by Ilford; and control measurements on 
the Deuterium pellicles are in progress. 

[In the previous paper (in this issue, pag. 920) this correction has been taken into 
account. This fact, which sligthly changes the absolute value of |7+|?, has obviously not 
influence on the (relative) value of the x-/m* ratio. — Note added in proof]. 


i 
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The meaning of this ratio is not completely obvious, i.e. it is not very clear 
what is the relationship between the experimental r and the ratio 


do(—)/do,( == ) , 


referred to free nucleons. 
The first point which should be emphasized is that the high value of 7p 
is corroborated by the results at other angles as is shown in Fig. 4, where, 


Pel 
| | | 
cats © a xa THIS EXPERIMENT 
deli | AT 45°,75°, 1059, 150° ESS: 
osc M SANDS ET AL. 
al | AT 29°.73° 140°L, 5. 
| 
EXTRAPOLATED POINT 
| ae 
| Pa 
i | 9 
Pi | | | 
is A | ee 
o A E | 
x 
on | 
ae 
a | 4 
| | È 4 
iL i ii 3] 
| MESON ENERGY, L.S. | 
0 50 100 150 200 MeV 
Fig. 4. — The r-/n+ ratio at various angles. The lines are plotted to contain all the 


experimental points. 


in order to complete the general picture, are given the results of Sands and 
coworkers [4] and the results of a previous investigation in this labora- 
tory [5] (*). 

The second point is that the corrections which should be introduced by 
taking into account the difference in the total charge of the final nucleon 
states (+) are, at these energies, unable to explain: 


1) the rather steep rise of the negative cross sections, and 


(*) At the V-th Rochester Conference K. M. WATSON presented curves of the do /do* 
ratio which were calculated on the basis of a first order perturbation for the non-enhanced 
part only. In this calculation the contribution of the enhanced part, for which the 
approximation would certainly be wrong, is very plausibly assumed to be completely 
symmetric with respect to the charge of the emitted pion. The Watson curves approach 
a threshold value of 1.32, but at higher energies they follow fairly well the trend 
indicated by the experimental points. 


(+) The nuclear forces, by charge independence, are about the same. See refe- 


rence [3]. 
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2) the large difference between 7, and the value do(—)/do(+) = 1.394 
predicted by the perturbation theory at threshold. 


Actually the Coulomb corrections due to the repulsion between the two 
protons and between these and the created meson do not amount, in total, 
to more than few percent. This point will be more extensively discussed in a 
forthcoming paper. For the moment, it is probably worthy of notice that this 
high value of » may compromise any simple perturbation approach to thre- 
shold problems. Another point worth mentioning is that this value of 7) makes 
the well known discrepancy between photoproduction and the scattering of 
pions, as shown by the results of the Panofsky experiment, much less signi- 
ficant and disturbing. 
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Induced by Slow Negative =-Mesons in Photographic Emulsion. 


G. VANDERHAEGHE and M. DEMEUR 


| Centre de Physique Nucléaire de l Université Libre de Bruxelles 


1. It is the purpose of the present work to study the various disinte- 
grations of the light nuclei (Carbon, Nitrogen and Oxygen) induced by slow 77 
in the photographic emulsion, in order to investigate the validity of the 
hypothesis of CLARK and RUDDLESDEN(!); these authors were dealing 
with « x-nuclei » (here 120 and #*O), assuming that only one of the «-particles 
is broken. Their work is easily extended to N (3a + d), assuming that the 
x- interacts with an « or with the d. 


2. — Experimental material. 


Ilford G-5 plates 1000 um thick were exposed to a-mesons of 18 and 
36 MeV, produced by the Rochester cyclotron. The contamination by p_ has 
been estimated to be about 1% (*). 

About 1500 stopping mesons were examined concerning their absorption 


characteristics. 


2°1. p- and c-mesons. — A part of the scanning of the plates was made for 
both e- and c-mesons. We classified as p-mesons only those giving rise to 
no heavy track longer than 2 yum or to a «blob » of grains without any well 
defined direction. Over a total of 576 mesons, 201 p- and 375 o-mesons were 
found, i.e. 35.1 + 2.5 of p- and 64.9 + 3.4 of o-mesons. 


(*) Communicated to us by Prof. M. F. KAPLON. 
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22. Classification of co-stars according to the number of prongs. — A more 
extensive scanning was made for c-mesons only. 1038 mesons were examined 
and the corresponding o-stars were first classified according to the number of 
prongs, considering as prongs all tracks of any length over 2 um and of well 
defined direction. Table I gives the obtained distribution. The mean number 


of prongs per star is.N, = 2.1. 


TagLe I. — Prongs distribution of c-stars. 
No. of prongs 1 | 2 | 3 | + 5 | > 6 | 
| le 
| | | | | 
No; of staraa) 418. |, "28ae | Valois tene | 
| =: Î 


percentage 40.0-+2.0 | 27.341.7 | 20.2+1.4 | 10.141.0| 2440.5 | O+0.1 


3. — o-stars produced in light and in heavy nuclei. 


In order to classify these 1038 c-stars as produced in the light nuclei 
(C, N, O) or in the heavy nuclei (Br, Ag) of the photographie emulsion, the 
following known criteria were applied, with some improvements. 


3'1. Total charge of c-stars. — If we assume that all the charged particles 
resulting from the disintegration of a light nucleus are generally emitted with 
a sufficiently high energy to produce visible tracks, it is obvious that the total 
charge of stars produced in C, N or O nuclei must be respectively 5, 6 or Te. 

In heavy nuclei, first a small number of particles are emitted in a « primary 
process ». Presumably, only one of these particles may be a singly charged 
particle or exceptionally an «-particle, the other particles being neutrons. 
Subsequently, the remaining nucleus, excited to less than 140 MeV, emits 
neutrons, singly charged particles or «-particles, the evaporation of particles 
of higher charge being very improbable. It can be shown, according to LE 
COUTEUR, that the mean total charge of the evaporated particles for 100 and 
140 MeV excitation energy is respectively N ~ 2.05e and 3.45e the mean 


charges 


TABLE II. — Prongs distributions | 


No. of prongs 1 2 3 
Nuclei L | a . | pe L , H L 
- "a | 
No. of stars | 45 dei (RN 117 166 173 
Percentage 4.3 + 0.6 |35.6 + 1.9/11.3 + 1.1/16.0 £7:2/16.7°4 1.3] 3 
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total number of prongs being respectively N cronga © 1.65 and 2.75. Finally, we 
see that the total charge of stars produced in heavy nuclei will be gene- 
rally much smaller than 5e. 


3°2. Potential barrier of the heavy nuclei. — While the charged particles 
emitted in the disintegration of the light nuclei do not possess any inferior 
limit of energy, the charged particles evaporated from the heavy nuclei have 
to escape the Coulomb potential barrier, which ascribes inferior limits to their 
energies. This criterium was formerly used (24) with the following limits : 
4 MeV for protons and 9 MeV for x-particles, corresponding to ranges in emul- 
sion of about 120 um for protons and about 50 um for «-particles. In fact, 
the range distribution of tracks from all single prong stars shows that these 
limits must be lowered to 3.3 MeV for single charged particles and 6.5 MeV 
for x-particles corresponding to ranges in emulsion of about 75, 55 and 45 ym 
respectively for protons, deutons and tritons and of about 30 um for «-particles. 


3°3. Associated Auger-electrons. — From theoretical considerations, we 
may expect that visible Auger-electrons associated with o-stars appear with 
very different frequencies according to the nucleus involved: about 2% for 
the light nuclei and about 50% for the heavy ones. Thus, the presence 
of Auger-electrons is a strong evidence in favour of a heavy parent 
nucleus. 

The simultaneous application of the above criteria led to the unambiguous 
classification of the quasi-totality of the 1038 c-stars (only ten doubtful cases 
were found and classified according to the distribation of doubtless Cases). 
Table II shows the distribution in light and in heavy nuclei according to 
the number of prongs. 

In addition, we may point out: a) that the mean number of prongs and 
the mean total charge per star produced in the heavy nuclei are respectively 
a — 1.4 and Ne = 1-76: b) that the mean number of prongs per star pro- 
duced in the light nuclei is N, = 2.9; c) that Auger-electrons are associated 
with about 3% of the stars produced in the light nuclei and with about. 
50%, of the stars produced in the heavy nuclei. 


in the light (L) and the heavy (11) nuclei. 


4 5 Total 
H i | H L H 
22 SE, 25 | 0 462 576 
1.0 0.3 + 0.2 2.4 + 0.5 040.1 STEN 55.5 + 2.3 
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4. — Disintegration modes. 


The second column as Table III gives the 22 possible disintegration modes; 
of the light nuclei (C, N, O) considering only three types of prongs: « protons ») 
(including protons, deutons and tritons), « x-particles » (including all He isotopes) 
and «fragments » (F) (including all nuclear fragments of charge higher than 2),, 
and without consideration to the number of emitted neutrons. In fact, these» 
22 disintegration modes represent more than 200 particular reactions. Modes: 
laying on the same row are hardly discernable because of the difficulty off 
discrimination between «-particles and fragments short of ranges. 

The third column of Table III gives the observed percentages of these: 
various disintegration modes; the figures in brackets correspond to tentative 
discrimination between the different modes mentioned in the second column.. 


TABLE III. — Observed percentages of various disintegration modes. 
No. of prongs Disintegration mode | Percentage 
1 E SLY 
2 Fp 15 
Fa, 2F | 9.8 (6:6 += 3.2) 
3 | F2p | 12 
2xp, Fap, 2Fp | 23 (4 28 71) 
3a, F2a | 2.5 Oa 020)) 
| 4 x3p, F3p | S.A (6.9 91-5) 
2x2p, Fa2p | 9.7 (4.5 + 5.2) 
3xp | 3.8 
5 | 5p | 0.6 
| a4p, F4p | a; (1.1 + 0.4) 
2a3p | 3.2 
6 6p 0 
aap (0) 
7 | 7p ) 


The existence of 2-, 3-, 4- and 5-prongs stars with a fragment is confirmed by 
stars with « hammer track ». 5 of such stars were found among the 1038 co-stars. 
40 others were found by a special rapid scanning. Table IV shows the distri. 
bution of these 45 stars according to the disintegration mode. 
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TaBLE IV. — Distribution of stars with hammer track. 
| No. of prongs | Disintegration mode No. of stars | 
2 | Fa 8 
3 F2p 22 
| | Fap 7 
| — 
| | F3p 2 
| 4 Fa2p 5 
. 
D F4p | 1 


The Clark-Ruddlesden scheme applied to the C, N, O nuclei leads to 
the following results (Table V). 


TA BEBIAVI 
adi. = 
| y | Disintegration Maximum observed | Tentative 
Nucleus sae a o) 
/O (0) 
12() 2xp 23.0 14.0 
14N 9 R | 
N dx | n. | 12.2 1.9 | eed 
2a2p | Or f 4.5 i 
16Q 3p 3.8 3.8 
| —————_ | —_—_—___ 
Total: 39.0 Total; 24.2 


At first, it must be pointed out that this scheme gives only account of a 
rather small number of events. 

The very low frequency of the 3%p disintegration mode contradicts what 
is to be expected from the relative abundances of C, N, O in the photographic 
emulsion. It is surprising too that the 3a disintegration mode (occurring when 
the "N nucleus interacts with the x by means of the deuton) is disavan- 
taged in respect to the 2« 2p one. these two facts taken together suggest 
that the intermediate #20 nucleus appearing in these two reactions plays an 
important role owing to his well known stability. 

On the other hand, we observe a rather high percentage of other reactions 
| leading to « and p prongs only (Table VI). 

Thus, we are led to consider an extension of the Clark-Ruddlesden scheme 
in which the « structure is preserved but where: a) three #’s may give an 
unbroken #C nucleus; b) more than one x may be broken. 


60 — Supplemento al Nuovo Cimento. 
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ACS Tete Valls 
| Disintegration | Maximum observed Tentative 
Nucleus | i i o/ o/ 
| mode Yo /0 | 
| _ 
| | | 
120 f a3p 8.4 Il an | 6.9 ae 
| 5p 0.6 f | 0.6 
LEN x4p | RD i! | 
| 
160 2x3p | 3:2 | 3.2 
Total: 13.7 | Total: 11.8 | 
TABLE VII. 
J Disintegration | Maximum observed | Tentative 
Nucleus | s + ! 
mode | o lla % | 
II | : 
120 Dap | 23.0 | 14.0 ] 
| x3p g.4$ 32.4 | 6.9 b 21.5 
5p 0.6 | 0.6 | 
| | 
N | 0 | 9.7 | 9.7 | 
| 3x 2.5 1.9 | 
2a2p Oh 2a ASTI | 
«4p | 1.5 1.1 | 
6p — — 
160) | 120p | 15.0 15.0 | 
| 3ap | oats. 3.8 | 
| 2x3p 32 22.0 3.2 + 22.0 
adp — a 
7p — == 
Total: 77.4 Total: 60.7 


This « «-model» (as we shall call it) applied to C, N, O gives the following: 
disintegration modes (Table VII). 

The percentage of !*N reactions seems too high. Of course, the attribution 
of all F reactions to “N gives an upper limit. Looking at the remaining reac- 
tions (Fa, 2F, F 2p) one remarks that the possible values of Z for the frag- 
ments F are 3, 4 and 5. Lithium (A= 6,7) and Boron (A = 10, 11) posses 
two stable isotopes, Beryllium (A = 9) only one, which contains a weakly. 
bound neutron. It is not improbable that most of the remaining reaction 
must be attributed to 120 and 160. 
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Moreover we have established: 


a) The energy distribution of all x-particles (Fig. 1), from which we cal- 
culate their mean energy EH, = 6.8 MeV. 


of «-parlicle/MeV 
w 
=) 


18 20 22 24 26 
Energy MeV 


Fig. 1. Energy distribution of «-particles from stars in light nuclei (292 «-particles) 


5 Ey “vl yi Py 

Oe ee ao 6 Os 10 BET EE 
: 
| E, = 6.8 MeV. 


b) The range distribution of all « protons » (including protons, deutons 
and tritons) (Fig. 2), from which we calculate their mean energy, assuming 
that they are all protons, E, =13 MeV. We see also from this distribution 
that 9.4°% of « protons » correspond to protons of energy greater than 30 MeV. 


Fold] TT] 
sc TL TUTTI o, 
15 "Hal ai ZII RR Re p=9 IS UM 
1 ttf TTT TE] 
tty WZ | ttt 
12} } WY? TI ! iu 
EI Af ff T tay to 
= 10 fossi. 
fee Ton 
= 8 | 
“oy 7/% RIESI 
= Ye | Leis 
Sy 6r4 | 
= Bey 
a 4 
3 Tore 
2 + ina 
Va, IT 
90 4 681000 2 4 6 810000 
Range (um) 


Fig. 2. — Range distribution of « protons » from all stars in light nuclei (404 tracks). 
R,=936ym E,=13MeV ----- corrected for geometrical loss. 


5. — Conclusions. 


We observe that our extended version of the ClarkRuddlesden scheme 
gives an account of about $ of the observed events, the remaining stars 
appearing to be broken Boron and Nitrogen excited nuclei. This suggests that 
in these last cases, the x~ interacts with a proton, heating the nucleus without 
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average spread of the excitation energy. Such a process was already observed. 
and proposed for light nuclei by PERKINS [5] and for heavy nuclei by HEID- 
MANN and LEPRINCE-RINGUET[6] and by PupPI and coll. [7]. 
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Caratteristiche delle disintegrazioni nucleari 
prodotte da protoni di 140+6 MeV. 


S. JANNELLI e F. MEZZANARES 


Istituto di Fisica Sperimentale dell’ Università - Messina 


Abbiamo osservato le disintegrazioni prodotte in emulsioni nucleari Ilford G5 
da 600 um (*), mediante protoni di (140 + 6) MeV accelerati al ciclotrone di 
Harwell. 

L'osservazione è stata condotta «per area» con obbiettivo ad immersione 
in olio a notevole ingrandimento (campo microscopico: 208 um), ciò ha per- 
messo un'esplorazione sufficientemente accurata della superficie corrispondente 
alla osservazione per traccia, per un totale di (26810 + 1340) cm di traccia 
di protone: sono state così trovate 652 stelle (per effetto delle correzioni ap- 
portate se ne prendono in considerazione 634). 

L'osservazione « per traccia » avrebbe consentito un’esplorazione ancora più 
accurata (e sarebbe stato possibile, tra altro, trovare le stelle a zero rami, 
Or, che con osservazione per area non sono state neppure cercate poichè sareb- 
bero inevitabilmente sfuggite), ma avrebbe fortemente ridotto la nostra sta- 
tistica. 

Abbiamo limitato le nostre osservazioni ad uno spessore di 480 um elimi- 
nandone 60 a partire dalle superfici inferiore e superiore della emulsione al 
fine di aumentare, sulle tracce complessivamente osservate, la frazione di quelle 
che terminano in emulsione. 


1. — Rinculi. 


Nell’osservazione delle stelle vi sono, fra le tracce corte, alcune molto pic- 
cole e fortemente ionizzate che vengono comunemente interpretate come 


«rinculi nucleari ». 


(*) Gentilmente concesse dall’Istituto di Fisica Sperimentale dell’Università di 


Padova. 
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GRILLI e coll. [1] considerano come rinculi le tracce per cui lum<L< 5 pm, 
Hopcson nel suo secondo lavoro [2] pone come limite superiore 4 um. 

La Tabella I e la Fig. 1 mostrano la distribuzione delle tracce corte 
(L<50 um) in funzione della lunghezza ed appare evidente come ad una 
distribuzione quasi uniforme si sovrapponga un massimo molto pronunciato 
proprio per tracce di lunghezza compresa tra 1 e 5 um. 


TABELLA I. — Distribuzione delle tracce secondo il range. 


Range jes 
(um) | 


5-10 |10 15/15 20 20 25/25 30 30 35 35 40 40 45 las 50, Totale | 
| | | 
| 
| | 
| | 
| 


bo 
4 
bo 
re 


| 
| | | 
Niro, 19 | 15 15 | 6 9 | 8 15 | 305 | 


Ci è quindi sembrato lecito attribuire ad un’origine del tutto diversa tali 
tracce, considerarle come rinculi nucleari e supporre che le particelle che le | 
generano abbiano generalmente numero atomico Z > 3. 


A 
a N 
rae 
150- 
100 50 
50r 
L 1 1 4 Ae i a 
0 5 10 20 50 0 n 5 
R (pm) 
Fig. 1 Maso 


La Tabella II e la Fig. 2 danno la distribuzione dei rinculi secondo il ranged 
ed il valore medio risulta 


L = (2.3 + 0.07) pm. 


Il valore previsto dall’analisi statistica condotta col metodo Montecarlo [1I] 
prevede, per le stelle prodotte da primari di 400 MeV, L = 2.8 um ed i datil 
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sperimentali riportati dagli stessi autori mostrano che tale valore cresce con 
l'energia del primario (per 150 MeV: L= 2.1 pm). 

La nostra distribuzione in range mostra il massimo tra 1 e 2 um previsto 
dal Montecarlo. 


TABELLA II. — Distribuzione angolare e secondo il range dei rinculi. 
0°-30° | 309-609 | 600—900 | 90°—120° 1209-1509 | 1500-1800 Totali 

| | | 
1-2um| 24 1S ind I Sl de 1) 12 1 80 
me: 13 8 8 8 4 I 42 
I F4 | 06 3 3 3 — 1 16 
4-5 | BI 4 1 1 2 1 13 

| | 
Totali 47 28 30 | 24 18 4 151 


La distribuzione angolare dei rinculi è 
data nella stessa Tabella II e riportata nella 
Fig. 3 (19, indica l’angolo formato, in proie- 
zione sul piano dell’emulsione, dal rinculo 
col prolungamento del primario). 

Il rapporto R tra il numero dei rinculi 
«in avanti» (0° < 0, < 90°) e di quelli «in 
dietro » (90° < 9, < 180°) è 


R — 2.9 ca Vos 


in buono accordo con quello [1] trovato per 
primari di 150 MeV: esso mostra una colli- 
mazione in avanti. Miter, By 


9. — Stelle ad un ramo. 


Gli eventi 1r si presentano in due categorie secondo che vi sia 0 no evidente 


cambio di ionizzazione. 

Noi abbiamo considerato come eventi nucleari tutti quelli della prima 
categoria qualunque fosse l’angolo di deflessione. 

Quelli della seconda categoria che presentavano traccia di rinculo sono 
stati ugualmente presi in considerazione, prescindendo dall'angolo di deflessione. 


Abbiamo poi osservato: 


a) che lo scattering d’ombra presenta, per elementi leggeri, il primo 
minimo ad un angolo di — 12° (per elementi pesanti lo stesso angolo è di ~ 6°): 
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b) che la sezione d’urto coulombiana per angoli < 20° è preponderante 
rispetto a quella d’interazione nucleare. 


In forza di queste considerazioni sono stati osservati solo quegli eventi 1r 
senza evidente cambio di ionizzazione e senza rinculo che presentavano un 
angolo nello spazio ¢ > 20°. 

A questi sono stati sottratti, nei diversi intervalli angolari, gli scattering 
coulombiani calcolati dalla formula di Rutherford, noto il flusso dei protoni 
ed il numero di centri di diffusione per cm? dell’emulsione. 

Nella formula di Rutherford si è introdotta l'effettiva carica nucleare, me- 
diata fra i costituenti dell’emulsione, poichè lo schermo prodotto dagli elet- 
troni, all’energia posseduta dai protoni incidenti, è trascurabile [3]. 

Così operando avremmo però trascurato le interazioni nucleari senza evi- 
dente cambio di ionizzazione e senza rinculo, comprese nell’intervallo ango- 
lare 009-209. 

Abbiamo quindi ritenuto opportuno estrapolare la curva della densità 


(numero di deflessioni nucleari Ir senza 


(caa#] totale corretto 
N VILLA con rinculo 


evidente cambio di ionizzazione per unità , 

di angolo solido) in funzione dell'angolo) 

di deflessione e ricavare così, nell’intervallo ) 

0° —20°, il numero di eventi da aggiungere. . 

La correzione così apportata è in ac-- 

cordo, nei limiti degli errori sperimentali,, 

con quella di LEES e coll. [4] effettuata 

in base al numero di eventi Or ed ai notii 
rapporti delle sezioni d’urto p-n e p-p [5, 6].. 

La Tabella III riporta la distribuzione 
angolare delle stelle 1r senza evidente cam- 

g° bio di ionizzazione con o senza rinculo e, 
—> relativamente a queste ultime, i valori 


Pie IS della correzione coulombiana apportata e: 
h TABELLA III. — Distribuzione angolare dei rami delle stelle lr 
senza evidente cambio di ionizzazione 
: if 
0°-20° |200-30° |30°—60° |600-900 | 900-1200 Totali ._| 
ca i \ 
Senza f eventi osserv. I 37 47 7 1 92 
rinculo | corr. coulomb. = = 90 == ill = = | == Diy 
Con rinculo 3 2 3 RI 1 2 
i a Fa rss a | 
Totali 3+19 (*) 16 36 10 2 67 +19 (*) 
(*) Valore estrapolato. 
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della estrapolazione; la Fig. 4 riporta le stesse distribuzioni angolari relative 
ai dati definitivi. 

La Tabella IV e la Fig. 5 mostrano la distribuzione angolare dei rami nelle 
stelle 1r con evidente cambio di ionizzazione, distinte secondo che abbiano o 
no traccia di rinculo visibile. 


TABELLA IV. — Distribuzione angolare dei rami nelle stelle Ir 
con evidente cambio di ionizzazione. 


090-300 | 300-600 | 600-900 | 900-120°| 1209-1509 | 150°-180° Totali 


Senza rinculo 16 34 21 10 = — 81 
Con rinculo 3 10 | 5 6 | 5 | 1 30 
Totali | LO 44 | 26 16 5 1 ial 

Il rapporto avanti/indietro, etici 


R', per stelle con evidente 
cambio di ionizzazione è R' = 
—4.04 + 1.3, mentre per il to- 
fale è R,,/= 7.2 +22. 

L’elevato valore di R, 


tot. 
mostra una netta collimazione 
in avanti ed il valore relativa- 
mente minore di R’ per stelle in 
cui è evidente il cambio di io- 
nizzazione manifesta che, in 
queste ultime, si sovrappone 
all'emissione diretta, levapora- 
zione nucleare (*). 

Se poi si prendono in con- 
siderazione separatamente le 
sole stelle con rinculo visibile il valore del rapporto avantifindietro è RO = 
222 DI. 

Tale minor valore, rispetto ad Trani mostra, come osservano GRILLI e coll. [1], 
che uno sparpagliamento più largo dei rami uscenti favorisce la cessione di 
impulso al nucleo residuo, sì che questo acquista l'energia sufficiente per lasciare 
traccia nell’emulsione: un tale comportamento è previsto dal modello per la 
formazione del rinculo proposto dagli autori citati. 


(*) L’analisi delle distribuzioni angolari verrà successivamente estesa agli eventi a 


più rami ed in essa ci proponiamo di suddividere i rami in base alla loro energia di 


emissione. 
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3. — Separazione fra le stelle prodotte in nuclei pesanti e leggeri. 


Essendo l’emulsione composta di nuclei pesanti (Ag, Br prevalentemente) 
e leggeri (C, N, O) lo studio delle disintegrazioni in esse prodotte abbisogna 
di particolari criteri per effettuarne la separazione poichè dai dati raccolti gli 
eventi si presentano nel loro complesso. 

Alcuni [4] effettuano la separazione del complesso operando con due tipi 
di emulsioni a concentrazione diversa: gli autori citati hanno operato con 
emulsioni Ilford G5 normali e diluite x4. Dal sistema formato dalle due 
relazioni 


L 


(1) Nop + N LE aA 
scritte per le emulsioni normali e diluite, è possibile determinare separata- 
mente le due sezioni d’urto. 


Nella (1): N, e N, rappresentano il numero di atomi pesanti e leggeri 
in 1 cm? di emulsione; 


O, € 0, Yappresentano le sezioni d’urto, in cm?, per stelle 
ad n rami; 

An rappresenta il libero cammino medio, in cm, per 
stelle ad n rami. 

ra 

Altri autori invece [2, 7-9] 

200) procedono alla separazione indivi- 
duale delle stelle considerando come 
prodotte in elementi leggeri tutte 
quelle in cui vi sia almeno una 

1501 : senza rinculce î a È o Ci È 

pesanti fai nonno traccia di particella « di energia 
leggero 9 MeV (L < 50 um): noi abbiamo 
preferito seguire tale criterio. 

160 La distribuzione delle stelle in 
funzione del numero dei rami è data 
nella Fig. 6 e nella Tabella V: da 
essa risulta che per gli elementi pe- 

$0 santi il massimo è per stelle 2r, per 
quelli leggeri invece per stelle 4r. 

Sa, Nella separazione da noi fatta fra 
SSR le stelle secondo che vi fosse o no 


rami rinculo visibile, poichè le stelle in 
elementi leggeri sono soprattutto 
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quelle con maggior numero di rami (3, 4, 5, ...) abbiamo osservato con |2] 
che in elementi leggeri difficilmente può essere emesso un rinculo nucleare, con 
4 € 9 05 Qi AA ar) « io Ni i i i 

Z > 3, a causa del basso numero atomico del C, N, O ed abbiamo considerato 
tracce di particelle x anche quelle con L<5 um che quindi non vengono con- 
siderate nella Tabella III e nella Fig. 4. 


TABELLA V. — Distribuzione delle stelle secondo il numero dei rami 
in elementi leggeri e pesanti. 


Elementi pesanti - - | 
Rami Ee Elementi Totali 
Senza rine. | Con rinculo | Totale leggeri | 
- | 
1 154 42 196 | 1 197 
2 163 58 221 | 9 | 230 
3 OI 27 | 82 | 27 | 109 
4 15: | 14 | 29 | 34 | 63 
5 2 = | 2 22 | 24 
6 — — | — d 9 
7 = 2: DE | 1 1 
8 — | = = | 1 1 
Sd, | È 
Todi i 369,-- |= S141 530 | 104 634 
Nel confronto con i dati degli ri 
altri autori (Fig. 7 e Tabella VII) È 
sono state sottratte le stelle Ir dai.) nostri 
risultati nostri e di HopGson [10] Ke Seen hes 
Ae - ir 
poichè GERMAIN [11] non le prende Mis 4 SR 
> ae tae rmain 


in considerazione; da quelli di LEES 
[4] anche le Or. 

Per la Fig. 7 i valori cosi ottenuti 
sono stati normalizzati a 100 a par- 
tire dalle 2r e, per gli autori che le 
considerano, sono state aggiunte 
proporzionalmente le: de. 

Poichè gli altri autori considerano 
rami tutte le tracce, comprese quelle 
di lunghezza minore di 5 ym, nel confrontare i nostri dati anche il rinculo è 


© Pa | 
x 


or 

n 
SI 
Q 
SÌ 


stato considerato come ramo. 
L'accordo fra i dati del presente lavoro e quelli degli altri autori è in gene- 
rale buono tranne che per quelli di Hodgson che però, a differenza degli altri, 


adopera le Ilford C2: cid mostra la Fig. 7. 
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Si è poi calcolato il numero medio dei rami per stella: i valori ottenuti 
sono riportati nella Tabella VI ed il confronto con i dati altrui è riportato 
nella Tabella VII. 


TABELLA VI. — Numero medio dei rami per stella. 
zi i : Di i a | ies | 
Elementi pesanti | Elementi | 
—__—_— —————_-— —| ; Totale | 
3 | i | | leggeri 
Senza rinculo | Con rinculo | Totale 
1.8 + 0.02 | 21 401 | 1.9 0,04 3.08140.) |. 2:25 2.0.05 | 
TABELLA VII. — Confronto dei valori del numero medio di rami per siella. 
| | 
| 
| Presente lavoro, GERMAIN HopGson | LEES 
Energia | | E. P Ge | 
140 +6 135 155 122 | 146 +3 
(MeV) È | | | 


Numero medion dt 5 4200.05 (ago 1S oom | 3.20.08 | 2.78-0.09 (*) 
rami per stella | | | 


(*) Sono escluse le stelle Ir senza rinculo. 
(*) Sono escluse le stelle Ir e Or. 


4. — Cammino libero medio e sezioni d’urto. 


Per il calcolo del cammino libero medio abbiamo misurato mediante un 
reticolo quadrato il flusso di protoni (protoni entranti per cm? di superficie) 
con una approssimazione del 3%. 

Dalla misura del cammino di ogni protone (inclinato in media di circa 23° 
rispetto al piano dell’emulsione) e della superficie totalmente osservata (misu- 
rata con un’approssimazione valutabile al 2%) è stato possibile ricavare il 
‘ammino equivalente alla superficie osservata: 


(26810 + 1340) cm. 


Il cammino libero medio è dato nella Tabella VIII e l’errore comprende, 


oltre quello statistico sul numero di stelle, anche quello relativo alla misura 
del flusso. 


TaBELLA VIII. — Cammino libero medio (cm). 
Elementi pesanti Elementi 
È Totale 
Senza rinculo | Con rinculo | Totale leggeri 


68.9 + 6.9 190.2 + 24.7 


50.6 + 5.4 267.8 + 38,7 42.3 + 3.8 
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La Tabella IX dà il confronto dei cammini liberi medi con i valori ripor- 
tati dagli altri autori. 


TapeLLa IX. — Confronto dei cammini liberi medi. 
Autori Energia (MeV) A (em) Valori nostri (cm) 
= = — | 
È. | 
135 95.1 
GERMAIN -— — -— | 55.8 + 5.3 (*) 
155 112 
HopGson 122 ~ 60 Bas 25 bys) (Ge) 
LEES 146 33.6 (+) | 42.31.38 
(*) Sono state escluse le stelle 1r senza rinculo. 
(+) Sono state escluse le stelle Or. 


Per la misura delle sezioni d’urto 


è necessario conoscere i numeri N, e N, di elementi pesanti e leggeri per cm? 
di emulsione Ilford G5. 

Dai dati forniti dalla Ilford è N, = 2.07-10?, N, = 2.42-1022 atomi cm ?, 
calcolati a temperatura normale e per un’umidità relativa del 50%. 

Abbiamo valutato che al variare dell’umidità fra il 30 ed il 70%, N, varia 
del 4% al massimo e N, dell’1 °/ mentre la variazione con la temperatura è 
trascurabile. 

Non essendoci note con precisione le condizioni di umidità e temperatura 
al momento dell’esposizione delle lastre abbiamo tenuto conto anche dei limiti 
di queste variazioni nel computo dell'errore sulle sezioni d’urto. 

La Tabella X dà i valori delle sezioni d’urto per i diversi tipi di stelle. 

È opportuno il confronto dei nostri dati sperimentali con quelli teorici 
ricavati dagli altri autori. 

Le sezioni d'urto da noi ricavate sono in accordo con quelle teoricamente 
dedotte (0, = 90-10-? cm’) da Morrison e coll. [12] applicando ai nuclei 
pesanti nella fase evaporativa il noto modello statistico di LE COUTEUR [13] 
e nella fase di emissione diretta i modelli d’interazione nucleare proposti da 
SERBER [14] e GOLDBERGER [15]. 

Per nuclei leggeri il valore della sezione d’urto calcolato da MUIRHEAD 
e coll. [8], applicando il modello di Goldberger, o, = (21 + 3)-10-* cm’, pur 
nei limiti degli errori sperimentali è lievemente superiore a quello da noi 
misurato. 
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TABELLA X. — Sezioni d’urto. 
Gdr | | 
Rami | ee O, -10-=*S.cm 
Senza rinculo | Con rinculo | Totali 

1 27.5 + 4.7 7.6 + 1.8 35.1 + 5.6 0.15 + 0.16 

2 29.4 4+ 5 10.4 + 2.3 39.8 + 6.4 1.4 + 0.5 5.75 + 1.3 

3 9.9 + 2.2 LO 4.1.4.1 148263 PRO A] 

4 2.7 +0.9 2.5 + 0.9 5241.4 5.2 +12 |] 

5 0.3 + 0.2 — 0.3 +.0.2 | 3.4 + 0.9 

6 Se | Si 14 IGO 

7 = = | me Tal O15 04 O16 

8 = | = | == 0.15 + 0.16 

= | = - 

Totali 69.8 +9.8 | 25.4+43 | 95.2 +12.4 | 16.054 2.6 | 


È però da osservare fra l’altro, con gli autori citati [8], che con il metodo 
di separazione da noi adoperato abbiamo considerato come prodotte in nuclei 
pesanti le stelle, in realtà avvenute in nuclei leggeri, ma con energia di ecci- 
tazione tanto bassa da non consentire l’evaporazione nucleare di una parti- 
cella x con energia < 9 MeV. 

A conferma di ciò sta il fatto che l'accordo dei nostri valori con quelli 
teorici di o, è, come per gli autori citati, migliore per stelle a molti rami 
(o, — 12-10-* cm?) che per stelle a pochi rami (o, ~ 9-10-* cm?). 

L’accordo nelle sezioni d’urto per nuclei leggeri, sebbene abbastanza indi- 
cativo, non è del tutto significativo poichè il modello adoperato dagli autori 
citati [3] non è completamente applicabile ai nuclei leggeri. 


Ringraziamo vivamente i proff. V. POLARA e A. ROSTAGNI per aver reso 
possibile il nostro lavoro, il prof. N. DALLAPORTA ed il dott. M. GRILLI per 
l’aiuto prestatoci e per le utili discussioni. 
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Cooperative Effects in Photoproduction 
of Neutral Pions from Helium. 


E. L. GOLDWASSER and L. J. KOESTER 


Department of Physics, University of Illinois - Urbana, Ill. 


Work previously published [1] established the existence of the elastic 
process in the photoproduction of 7°mesons from helium, i.e. y + ‘He > 
+r? + ‘He. Further analysis of that work shows a discrepancy to exist bet- 
ween the experimentally measured cross section and thatcalculat ed by a 
method used by YAMAGUCHI, THIRRING and others applying the impulse ap- 
proximation to the problem. 

The differential cross section for photoproduction of neutral pions from 
hydrogen may be written: 


Clo: il xy 
i pe e 
ori (27)? 


x = pion momentum, 
v = photon energy or momentum, 


T is a matrix which may be written as the sum of four different com- 
ponents, as follows: 


T=(Ko+L)+(M-co+N),, 


where A and L represent the isotopic spin independent parts of the matrix 
and ZL and N represent the spin independent parts. M and N are almost 
certainly very small, and in any event, in the case of elastic production from 
helium (total isotopic spin = 0) the contribution from this part of the matrix is 
truely zero. Likewise since the helium nucleus is spherically symmetrical, | 
there can be no spin dependent interaction in the elastic production of x°-mesons. 

Applying the impulse approximation, the effective 7 matrix for the elastic 


x 


» 
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process from helium may be written: 


TE =| O%.> T exp [i(v—x)-(r; — R)]®,.: (differential of the relative 


fn 


Di : coordinate), 
where ©, is the time independent part of the ground-state helium wave 
function, v is the incident photon momentum, x is the pion momentum, r; 
and R are the position vectors of the j-th nucleon and the center of mass of 
the helium nucleus respectively. 
A reasonable function to use for @,,. is [2] 


Dr = Cexp |— (eV e(r, — 1,)") | - 
Where C is a normalization constant and x is a constant whose value may 
be chosen to give a good fit to the best available value for the helium nuclear 
mean square radius. Carrying out the indicated procedures, it is found that 


G i 
AI Sg a TRE 
{1 + [3(v — %)?/64a°];° 
and thus the ratio of the elastic 7° differential cross section per nucleon from 
helium to the x° differential cross section from hydrogen is given by 


% 4 L: 


{1 + [B(v + x)?/6402]} 9 A? + DL? 


Using a ratio of L?/(K? + L*) of about 0.8 from the theory of Chew and 
Low and x = 200 MeV corresponding to an r.m.s. radius of 1.3-107!? em, this 
calculation gives a value of about 2 for the ratio at 90° near threshold and 
this ratio goes toward 1 at higher energies. 

Results of the first experimental work [1] showed this ratio of cross sections 
per nucleon to lie somewhere between 1 and 1 in the energy region between 
threshold and 190 MeV. 

A new experiment has just been completed and is still in the process of 
analysis. This new work was done with a single y-ray telescope counting y-rays 
from hydrogen and helium at 84° in the laboratory at energies between thre- 
shold and 300 MeV. The betatron E,,, was raised in 10 MeV steps and the 
resulting activation curves were analyzed to give cross section for n° y-rays. 
It should be noted that the first experiment, with two y-ray telescopes, selected 
neutral pions at one laboratory angle. In the new work, the single telescope 
performs an integration over mesons distributed over a wide range of labo- 


ratory angles. However, as a result of the weighting of solid angle factors, 
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together with the fact that the form factor is roughly anti-symmetric about 90°, 
the single telescope results should be fairly representative of the 90° diffe- 
rential cross sections. 

Calculations are still in preliminary stages but show that the helium cross 
section differs qualitatively from that from hydrogen in that it begins to flatten 
out at appreciably lower energy, in the neighborhood of 270 MeV. The data 
are consistent with a predominantly elastic 7° photoproduction from helium 
which peaks at the same center of mass pion energy as does the hydrogen 7° 
cross section. The ratio between these two cross sections can now be deter- 
mined with much better statistics than before. The ratio apparently lies bet- 
ween 1.0 and 0.5 in the entire region investigated with indications that it 
starts out near 1.0 at threshold and then goes down toward 3 at 300 MeV. 

An investigation of this same effect has recently been conducted at M.I.T. 
by DE SAUSSURE and OSBORNE (unpublished). They have counted the recoiling 
particles in photographic emulsion and apparently obtain a cross section 5 to 
10 times larger than that found in this work. 
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Scattering of 30-90 MeV Gamma-Rays by Protons (*). 
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(Reported by V. L. TELEGDI.) 


We have measured the elastic scattering of photons by protons using the 
bremsstrahlung beam from 98 MeV betatron electrons, a liquid hydrogen target 
| (styrofoam Dewar) and a converter-telescope detector. The counter efficiency 
l was derived from the measured response to monoenergetic electrons incident 
l upon a series of partial thicknesses of the lead converter used in the actual 
experiment. The product of actual counter efficiency and incident photon 
spectrum was found to rise from zero near 20 MeV to a nearly constant plateau 
l from 35 to 90 MeV. By measuring the scattering from 1/20 and 1/40 carbon 
targets we have satisfied ourselves that at all the angles measured shower 
effects (which would go quadratically with target thickness) were absent. 
\ A simultaneous measurement of scattered electrons convinced us that spurious 

gamma counts from converted electrons or electrons not rejected by the anti- 
coincidence counter of the telescope were negligible. 

The incident y-ray flux was determined from the activity induced in thin 
polyethylene samples through the reaction !2C(y,n)!C. The recent absolute 
Imeasurements of the Stanford group were adopted for this determination. 
Our results relative to the differential cross section, somewhat preliminary 


lin absolute magnitude, are as follows: 


60° 90° 120° 150° 


10.10 1.39+0.11 -10-*? cm?/ster. 


Pe0-e Os ~1,03-12.0,08 » 1125 


We may compare these numbers with those calculated by PowELL by 


(*) Research supported by joint program of O.N.R. and A.E.C. 


Se 


o 
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standard electrodynamics for a point particle with an anomalous Pauli moment: 


60° O ORE 001500 
1.25. 1.01 » 1.22 1.02 «102% em?/ster. 


The values indicated above have been computed for photons of 60 MeV, cor- 
responding to the mean energy seen by the telescope in our experiment. 

In view of the fact that the errors attached to our experimental values 
are only those due to counting statistics, the only deviation from theory wortl 
mentioning at present is the forward excess. Measurements at 50° are now 
in progress. 

These experiments will be continued and extended by means of an energy; 
sensitive photon detector, viz. a total absorption Cerenkov counter. 
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Experimental Measurements on Double Compton Effect. 
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[Il testo completo di questo lavoro è stato pubblicato nel Nuovo 
Cimento, 3, 203 (1956). Qui riportiamo solo il riassunto. N. d. R.]. 


Summary. — The cross-section of the double Compton effect in the particular case 
| of incident y-rays of — 1 MeV energy and of scattered y-rays making an angle of 90° 
throughout with each other and with incident y, has been experimentally measured, 
and the energy distribution of the scattered y has been observed. The scattered y-rays 
\ are detected by means of two scintillation spectrometers wich use sodium iodide crystals 
and EMI photomultipliers, corresponding to y-rays wich give rise to a coincidence, 
are sent to a cathode-ray tube on whose screen they are photographed and then analyzed. 
Experimental results obtained in the present work, regarding both cross-section value 
and the energy distribution, are in good agreement with the theoretical ones calculated 


by Manpi and SKYRNE. 
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of Internal Bremsstrahlung in ;;Ge. 


A. Bisi, E. GERMAGNOLI, L. ZAPPA and E. ZIMMER 


Istituto di Fisica sperimentale del Politecnico - Milano 
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[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 2, 290 (1955). Qui riportiamo solo il riassunto. N. d. R.]. 


Summary. — The continuous y-spectrum due to bremsstrahlung associated witl 
the orbital electron capture in j}Ge has been investigated with a scintillation spectroc 
meter. The intensity distribution of the spectrum in the energy range between 50 keY 
and the upper limit of energy [Emax = (220 + 3) keV] was found to agree closely witl 
the one calculated according to the theory developed by Morrison and Scurer. Tha 
ratio of the total number of bremsstrahlung quanta to the number of K-captures ii 
the interval of energy between 70 keV and the upper limit was (2.3 + 0.5)-10-5, which 
also is in satisfactory agreement with the theoretical value. The half life of 7}Ge wa 
checked and found to be (12.5 + 0.1) days. The type of transition is briefly discussee 
according to the nuclear shell model. Some results concerning the decay of {As whie® 
have been obtained during the present measure are also reported. 
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Parametri di diffusione di neutroni termici in acqua. 
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Laboratori CISE - Milano 


La densita neutronica in un mezzo uniforme, con coefficiente di diffusione D 
e probabilita di cattura per unità di tempo 1/7, soddisfa, quando non vi sia 
nel mezzo una sorgente di neutroni, l’equazione di diffusione: 


on(r, t) 


= DAn(r, t) — i n(r, t) , 
ct T 
D e 1/t sono in generale funzioni del tempo in quanto dipendono dalla velo- 
cità dei neutroni: se però le sezioni d’urto di cattura dei nuclei costituenti il 
mezzo seguono la legge 1/V, allora Mr > NioV rimane costante in fun- 
zione della velocita. i 
La soluzione dell'equazione può essere scritta nella forma: 


i 


t 
n(r, t) = $2 Gye (1) CLP È Be [p di'— | 


0 


dove R,(r) sono le autofunzioni dell’equazione differenziale AR(r) + B?R(r) = 9 
corrispondenti ad opportune condizioni al contorno: la densità neutronica deve 
essere dovunque finita nel mezzo è deve annullarsi a una certa distanza dai 
limiti fisici del mezzo (si assume normalmente per tale distanza, detta lun- 
ghezza di estrapolazione, il valore 0.71 1,, essendo 1, la lunghezza di trasporto). 


Bì rappresentano gli autovalori corrispondenti, e sono quindi funzioni della 
t 


geometria e delle dimensioni del mezzo. Il termine exp [— Bì|Dat] tiene 
0 


conto della fuga di neutroni al contorno ed exp [— t/t] della cattura del mezzo. 

Ognuno dei termini dello sviluppo in serie decade esponenzialmente nel 
tempo con una propria costante di decadimento e dopo un tempo sufficiente- 
mente lungo la funzione densita sarà rappresentata solo dall’armonica fonda- 
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mentale: 
t 


. : 
sa [par | 


w(t, t) rex = 


0 
in cui 5, è il più piccolo dei B,. 
Se a quest’istante i neutroni sono già in equilibrio termico con il mezzo 
moderatore, possiamo assumere per D il valore costante corrispondente alla 
temperatura del mezzo e scrivere: 


1 
HAY, 6) A) exp) (832 ae al ) È 


Da una misura del decadimento del flusso neutronico per due geometrie 
di moderatore, per cui siano calcolabili i valori di B, è possibile quindi rica- 
vare i valori di 1/7 e D; e quindi anche il valore della lunghezza di diffusione 
del mezzo L = Dr. 


I neutroni vengono iniettati nel mezzo con una sorgente pulsata, con durata 
d’impulso molto corta rispetto al tempo di rallentamento e di diffusione dei 
neutroni nel mezzo e ripetizione ad intervalli di tempo lunghi rispetto al tempo 
necessario per la misura, in modo da evitare sovrapposizioni. 

Come sorgente di neutroni, è stata sfruttata la reazione d(d,n)*He. I deu- 
toni sono portati all'energia di a circa 300000 eV con un acceleratore tipo Cock- 
croft e Walton; la targhetta è costituita da ghiaccio pesante raffreddato ad 
aria liquida. La sorgente di ioni, del tipo magnetico, funziona ad impulsi di 
durata 15 us ripetuti ogni 1200 us. L'intensità media della sorgente di neu- 
troni è dell’ordine di 5-107 neutroni/s. 

Come mezzo rallentante viene usata acqua normale; la geometria scelta 
è cilindrica con diametro 18 cm ed altezza variabile. Per questa geometria 
Bs è dato da: 


_ (2.405\8 (7)? 
Bg =| * y+) ’ 


dove 2.405 è il primo zero della funzione di Bessel d’ordine zero, r ed a sono 
rispettivamente il raggio e l'altezza del cilindro ove si tenga conto della lun- 
ghezza estrapolata. Si è variata Valtezza in modo da esaminare una zona di 
valori di Bj compresa tra circa 0.1 e 0.2 em-?. Il recipiente contenente l’acqua 


è di alluminio, spesso circa 2 mm, rivestito di uno strato di 0.2 mm di Cd e 


di uno strato di 1 cm di carburo di boro, per evitare che penetrino nel mezzo 
rallentante neutroni diffusi dalle pareti. Tali neutroni costituirebbero una 
sorgente distribuita nel tempo, causando una apparente diminuzione della 
costante di decadimento osservata. Il rivelatore con alta sezione di cattura 


oO 
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per neutroni viene posto a contatto colla superficie esterna del recipiente in 
modo da non perturbare in alcuna maniera le caratteristiche di assorbimento 
del mezzo. È costituito da un contatore a scintillazione avente come fosforo 
un miscuglio di solfuro di zinco e azoturo di boro. Gli impulsi vengono regi- 
strati con un analizzatore in tempo ad 80 canali. Per la nostra misura si sono 
scelti canali larghi 5 us e gli 80 canali permettono con tre misure successive 
di analizzare l’intero intervallo di 1200 us tra un impulso e l’altro. 

Per ragioni d’intensità non è possibile attendere un tempo sufficientemente 
lungo perchè tutte le armoniche di ordine superiore decadano. Occorre allora 
preoccuparsi di una scelta appropriata della geometria in modo da ridurre 
al minimo il peso delle armoniche superiori. Se la sorgente è posta sull’asse 
del cilindro, le armoniche radiali sono simmetriche rispetto a questo, e dopo 
un tempo relativamente breve si raggiunge il decadimento di tutte le supe- 
riori. Le armoniche longitudinali sono costituite da sinusoidi. Il rivelatore 
viene quindi posto sulla superficie laterale in due posizioni corrispondenti ai 
nodi della terza armonica, che viene quindi eliminata, la seconda armonica 
ha nelle due posizioni valori uguali, ma di segno contrario, il suo contributo 
può quindi essere eliminato mediando i risultati ottenuti nelle due posizioni. 
Armoniche di ordine superiore al terzo possono essere senz'altro trascurate. 

Le curve di decadimento ottenute con questo metodo, sono analizzate col 
metodo di Peierls per la determinazione della costante di decadimento; una 
correzione inferiore al 0.5% è stata applicata per tener conto di un fondo residuo 
di neutroni diffusi. 

Dalle costanti di decadimento e dai valori di B, si sono ottenuti mediante 
il metodo dei minimi quadrati i valori di D e di 1/r. Bisogna però tener conto 
di una variazione della costante di diffusione in funzione della geometria del 
mezzo: a volumi piccoli i neutroni più veloci sfuggono più facilmente dal mode- 
ratore per cui la temperatura media dei neutroni è inferiore a quella del mode- 
ratore. Questo effetto è stato valutato sperimentalmente da von DARDEL [1] 
in misure analoghe alla nostra e il risultato è il seguente: 


DESDE B?0.175) 


a meno di correzioni di ordine superiore, dove D è la costante di diffusione 
corrispondente all’effettiva distribuzione energetica dei neutroni nel mezzo e Do 
è Ja costante di diffusione corrispondente alla temperatura nel mezzo. Il metodo 
dei minimi quadrati viene quindi applicato alla risoluzione dell'equazione: 


espe ET) 
18 


A è il valore sperimentale della costante di decadimento della densità neutronica. 
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I valori trovati sono i seguenti: 


= (4,785 == 94)0875 D, = (36.961 + 734) cm? 8-1, 


da cui si possono ricavare i valori di 


o, = (0.326 + 0.006) -10-2* cm?, L= (2.78 + 0.08) cm, 


in corrispondenza a velocità neutronica di 2200 m/s. 
Questi valori sono da confrontare con quelli ottenuti da von DARDEL e 
SJOSTRAND [1] 


G=-=10:330 = 9003)" 10—-* cm" 


aq 
| 

To 
bo 
n 

ol 
| 


+ 0.03) em 
Scott, THOMSON e WRIGHT [2] 
Gp == (9.323 2 0.008) 1024012, 
15, = (Re) Ss WMD) Oral 
Entrambe queste misure sono state eseguite col metodo precedentemente 
descritto. 


Dal rapporto 0,/o, sono stati ricavati invece i seguenti valori: 
HAMERMESH, RINGO e WEXLER [3] 


0, = (0.329 + 0.004) -10-24 em?, 


I 


HARRIS e coll. [4] 


Gi = 110.3322000) 107 amet 
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[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento. 2. 273 (1955). Qui riportiamo solo il riassunto. N. d. R.]. 


Summary. — The &-decays of !84Cs and the y-decays of !*4Ba have been investigated 
with an intermediate image f-spectrometer and a scintillation spectrometer. From 
B-y coincidences a new f-decay of 335 keV endpoint has been revealed and the existence 
of a weak @-decay on the 1350 keV level of barium has been confirmed. From f-y 
and y-y coincidences and from internal conversion coefficients, the relative intensity 
of the @-decays and the multipolarity of <-transitions have been investigated. The 
five excited states of 13*Ba are assumed having energies of 795, 1350, 1395, 1700 and 
1949 keV. Their spins and parities are GRIDA 34 Or 4, Os O and 4+ . 
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Emissione di luce provocata da singole particelle « 
in argon puro e in miscela con altri gas. 


B. DE: MIcHELIS: e M. FORTE 


Laboratori CISE - Milano 


1. — Introduzione. 


Si descrive un metodo per rivelare l’emissione di fotoni prodotta da singole 
particelle x in mezzi gassosi. Il gas viene introdotto in una camera dove è 
collocata una sorgente di particelle x; gli eventuali fotoni dello spettro u.v. 
prodotti nel gas vengono convertiti nello spettro visibile da uno strato di 
salicilato di sodio depositato sulle pareti della camera; come rivelatore della 
luce viene impiegato un fotomoltiplicatore EMI 6262. 

Per uno studio preliminare, sì sono misurate l’intensità e la durata degli 
impulsi di luce provocati dal passaggio di singole particelle x di una sorgente 
di Po, in argon puro ed in miscele di argon con altri gas. 

Le durate degli impulsi sono state trovate di — 3 us in argon di elevata 
purezza a pressioni di 50--100 em,,. 

Si è studiato l’effetto di piccole quantità di N,, O,, CO, in miscela con 
argon, sulla emissione di fotoni, e con miscele opportune si sono ottenuti 
impulsi di luce, corrispondenti al passaggio di singole particelle x nel gas, di 
durata inferiore a 107? s. 


2. — Apparecchiatura sperimentale. 


Le misure sono state realizzate con un’apparecchiatura consistente in una 
camera a scintillazione che verrà descritta nel seguito, collegata con un im- 
pianto che serve per la vuotatura della camera stessa, per la purificazione 
dell’argon, e per la preparazione di miscele di gas (v. Fig. 1). 

I recipienti ed i condotti dell'impianto sono di metallo. Interamente metallici 
sono i rubinetti, i raccordi, le guarnizioni per le tenute; si è evitato l’uso di 
grassi e di mastici. 
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Una pompa a diffusione funzionante con olio di silicone, collegata in serie 


con una pompa rotativa, consente di raggiungere un vuoto di 10-*-— 107° mm 
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che viene misurato con un vacuo- 
metro a ionizzazione tipo Penning. 

La pressione dei gas che sì in- 
troducono nell'impianto è misu- 
rata con un manometro metallico 
tipo Bourdon per pressioni da 10 
a 2000 mm, 

La camera a scintillazione si 
circuito di 
condutture nel quale il gas viene 


trova inserita in un 


fatto circolare a termosifone. 
Questo circuito comprende un 
contenente 


forno a circolazione 


trucioli di una lega di calcio e magnesio al 10%, che, scaldata a 400-500 °C 


dei gas introdotti. 


3. — Il rivelatore. 


e di diametro 5 cm (Fig. 2). 


di politene. 

Sulla faccia esterna 
del disco di vetro è 
collocata la testa del 
fotomoltiplicatore. Un 
adatto grasso di sili- 
cone provvede al con- 
tatto ottico fra le due 


CONTATTO OTTICO 


FLANGIA 


CONVERTITORE 


superfici. 

Sul fondo della ca: 
mera è collocato un 
supporto sul quale è 


serve alla purificazione dell’argon, e comprende inoltre un sistema di serba- 
toi nei quali si possono includere altri gas da miscelare con l’argon. 
Quando si vuole usare una miscela che contiene un gas assorbibile dal forno, 
questo viene escluso dal circuito mediante due rubinetti. In questo caso la 
circolazione del gas è mantenuta da una colonna verticale riscaldata da una 
resistenza, inserita in parallelo al forno. Così si ottiene un rapido miscelamento 


Il rivelatore consiste di una camera di acciaio inossidabile di altezza 4 cm 


La camera è chiusa superiormente da un disco di vetro. La tenuta del vuoto 
e della pressione è assicurata per mezzo di una flangia con una guarnizione 


; | FOTOMOLTIPLICATORE 
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depositato uno strato sottile di polonio di alcuni mm? di superficie, che emette 
circa un migliaio di particelle x al minuto primo. 

Questa sorgente può essere schermata, per mezzo di un semplice dispo- 
sitivo, agendo dall’esterno con un magnete. 

Le pareti metalliche della camera hanno un rivestimento interno di lamiera 
di rame ricoperta di smalto bianco, che serve come diffusore di luce. 


4. — Conversione dei fotoni ultravioletti. 


I gas da noi studiati, eccitati con particelle x emettono fotoni che sono 
per la maggior parte ultravioletti. 

Per convertire questi fotoni in luce rivelabile dal fotomoltiplicatore si è 
usata una sostanza fluorescente: il salicilato di sodio. 

Questo sale, eccitato co luce u.v., emette una luce di fluorescenza nella 
regione blu dello spettro, per la quale il fotomoltiplicatore da noi adoperato 
è abbastanza sensibile. 

Il rendimento quantico della fluorescenza si mantiene praticamente costante 
per lunghezze d’onda eccitatrici da — 850 a ~ 2500 A [1]. 

Il salicilato di sodio è stato applicato sulla superficie smaltata del diffusore 
di luce in soluzione di alcool metilico. Evaporando il solvente si è ottenuto 
uno strato di aspetto quasi opaco, abbastanza uniforme e ben aderente alla 
superficie. 

La faccia interna del vetro che chiude la camera è stata rivestita, con una 
tecnica analoga, di uno strato di salicilato di sodio assai sottile, incolore e 
trasparente. 

Tali strati si mantengono inalterati per lungo tempo anche nel vuoto, dato 
che il salicilato di sodio ha una tensione di vapore trascurabile. 


5. — Apparecchiatura elettronica e metodi di misura. 


L'emissione luminosa provocata da singole particelle x è stata registrata 
con un fotomoltiplicatore EMI mod. 6262 a 14 stadi di moltiplicazione. 

Gli impulsi elettronici in uscita dal fotomoltiplicatore sono stati studiati 
in relazione sia alle loro ampiezze che alle loro durate. 

Per le misure di ampiezza gli impulsi venivano inviati ad un’ordinaria 
catena di amplificazione attraverso una costante di tempo di ingresso RC ~ 200u8 
molto maggiore della durata di un singolo impulso, che in ogni caso studiato 
non eccedeva alcuni us. I corrispondenti impulsi di tensione in uscita dagli 
amplificatori sono stati misurati in volt per mezzo di un oscillografo Cossor 
mod. 1035. 
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Lo sviluppo nel tempo di singoli impulsi è stato studiato per mezzo di oscil- 
lografi la cui traccia era comandata da un sineroscopio. In tale misura per 
amplificare gli impulsi è stata impiegata una catena di amplificazione più 
rapida costituita di un amplificatore catodico e di un amplificatore mod. 600. 

Il tempo di salita del circuito di amplificazione era di 5-1075s, la costante 
di tempo di ingresso poteva essere variata da 1.107? a 107 s allo scopo di 
ottenere una opportuna risoluzione dell'impulso. 


Gli impulsi di uscita dagli amplificatori sono stati osservati, a seconda 
della loro durata, per mezzo di un oscillografo con sineroscopio Dumont mod. 248 
usando tempi di sparpagliamento della traccia di 5 e 25 us, oppure per mezzo 
di un oscillografo più rapido usando tempi di sparpagliamento della traccia 
Mi 0.2, 0.6 e 2 us. 

Alcuni impulsi di ciascun tipo sono stati registrati fotograficamente. 


6. Risultati sperimentali con argon puro. 


a) Per queste misure l’impianto è stato riempito con argon di purezza 
superiore al 99.9%. 
Per tutta la durata di una serie di misure l’argon circolava nel forno con- 
tenente lega di calcio e magnesio al 10% a temperatura di 400-500 °C, 
Si ritiene che con questo metodo l’argon venga depurato dalla maggior 
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parte dei gas estranei e dalle contaminazioni di vapori organici, sino a con- 
tenere frazioni di impurità molecolari inferiori a qualche 10. 

Gli impulsi di rivelazione di cui si sono misurate le ampiezze erano otte- 
nuti usando argon a pressione di 80—100 em,,. 

Mediante un confronto con gli impulsi di fondo del fotomoltiplicatore» 
osservati schermando la sorgente x, si è approssimativamente valutato che 
gli impulsi elettronici corrispondenti alla rivelazione di singole particelle eranc 
originati da 20--30 fotoelettroni. 


b) Le misure di durata degli impulsi sono state ottenute dopo una pro- 
lungata purificazione del gas. Il tempo di salita degli impulsi ottenuti con A 
a pressione di circa 80 cm, è stato valutato dell'ordine di 1.5-107" s. 

Le discese degli impulsi ottenuti con Argon a varie pressioni da 50 a 100 em,,, 
sono state registrate per mezzo dell’oscillografo Dumont 248 usando temp» 
di sparpagliamento della traccia di 5 e 25 us. 

La Fig. 3 mostra uno di tali impulsi, ottenuto a pressione di 80 cm,,,. 

Dal confronto degli impulsi ottenuti a diverse pressioni, si è trovato che. 
per l’intervallo di pressioni considerato, il tempo di decadimento degli impulsi 
è costante, nei limiti degli errori di misura. 


Il valore ottenuto è 2.5—3 us. 


7. — Misure con miszele di A e N,, O,, CO,. 


Le miscele sono state ottenute con N,, O,, CO,, a pressioni opportune € 
con argon, convenientemente purificato. 
In Tabella I sono riportate, nella parte sinistra, le ampiezze degli impulsi 
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ed i loro valori relativi alle ampiezze degli impulsi ottenuti con A puro; nella 
parte destra sono indicati i tempi di salita e di decadimento degli impulsi. 

Le concentrazioni di N,, 0,, CO,, sono state determinate da misure di 
pressione: data la scarsa precisione di questo metodo, le percentuali indicate 
nella colonna a sinistra della Tabella I si devono considerare come valori 
indicativi. La pressione totale del gas era di 80-90 cm Hg. 


TABELLA I. 


Ampiezze degli impulsi: fotomultiplicatore EMI 6262; tensione di alimentazione 1070 Vi; 
quadagno del?amplificatore ~ 470; costante di tempo RC = 200 us. 


Durate degli impulsi: tempo di salita del circuito eletronico — 510788. 


| . . . 
Durate degli impulsi 


Ampiezze degli impulsi 


- 


Composizione 


iezze : AY di Costanti 
eae A mpiezze | Ampiezze Tempo Tempo o 
Sa degli impulsi (RA di salita |decadimento, di tempo 
= relative x i aa < 
V bon WO ss Woy LK Fe | im MOIS 
A. (99.99 95) 50 100 0.15 2.53 Ea (052 
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0.15 12 25 0.05 0.1 | 0.1 
0.4 i 15 0.05 0.1 | (OU 
A + CO, 
[GO,]% | | 
0.03 ; | 15 | 30 0.05 0.1 | 0.1 
0.07 | 10 | 20 | 0.05 0.1 | 0.1 
0.15 | i | 15 — == | nr 
ci e: PEA _ ie as eh ee 
A+N,+ 0, | 
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i s Beye: ai 10 | 20 0.05 0.1 0.1 
9 5 | | 0.1 
2 0.75 5 | 10 0.05 DAI a ; 
A +N, + CO, | | 
[N21% [€02]% | a 
2 Ù 0.05 10 | 20 0.05 | 0.1 | 0.1 
2 0.15 8 | 15 0.05 | 0.1 | 0.1 
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Con percentuali di N, da 0.5% a 2.5% si è osservata una progressiva ridu». 
zione sia delle ampiezze che dei tempi di salita e di decadimento degli impulsi, , 

Ad es. introducendo in A puro lo 0.5% di N,, le ampiezze degli impulsi 
si riducevano circa al 50% ed il tempo di decadimento risultava di ~ 0.5 us} 
(v. Fig. 4). 

Effetti dello stesso ordine di grandezza si sono ottenuti con percentuali i 
molto minori di O, e CO,. 

In questi casi, anzi, la salita ed il decadimento degli impulsi osservati appa- - 
rivano limitati dal tempo di salita e dalla costante di tempo del circuito elet-- 
tronico di amplificazione, rispettivamente 5:1075 e 1077 s. 

In relazione all’impiego di miscele di A + N, 2% si è osservato che l’ag-- 
giunta di tracce di O, di qualche per mille, o di tracce di CO, di qualche pert 
diecimila riduceva in modo critico le intensità di emissione. 
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Realizzazione di una camera di Wilson-a supercompressione. 
| G. FORNACA, P. FRANZINI, G. RINALDI 


Istituto Nazionale di Fisica Nucleare - Gruppo aggregato di Pisa 


Istituto di Fisica dell Università - Pisa 


1. Introduzione. 

Si descrive una camera a nebbia a supercompressione, costruita in questo 
Istituto, che presenta buoni requisiti per la brevità del ciclo e per la sempli- 
cità del funzionamento e la facilità dei comandi. 

La camera, cilindrica, a pistone, di volume sensibile di circa 3500 cm? è 
mostrata con le relative apparecchiature nella Fig. 1. Una intelaiatura metal- 
lica sostiene la camera ed i dispositivi per l’illuminazione e per la fotografia. 
L’intelaiatura, insieme con un polmone per l’aria compressa ed un elemento 
ltermosensibile, è racchiusa dentro una scatola a doppia parete di faesite, di 
volume circa 3 m?, facilmente scoperchiabile. 

Tutti i dispositivi di comando sono situati esternamente alla scatola. Oppor- 
tuni sistemi meccanici permettono il regolaggio dei rapporti di espansione € 
i di supercompressione dall'esterno. 


(92. Descrizione della apparecchiatura. 


Lo strumento si compone essenzialmente di due parti (Fig. 2). 


1) Un cilindro pyrex di diametro interno cm 27, sormontato da un disco 


di cristallo è stretto a tenuta fra due corone circolari di anticorodal ed è chiuso 


in fondo dalla testata del pistone, pure di anticorodal, ricoperta da velluto nero. 
solidale con la corona inferiore, può comunicare attra- 


è Un recipiente in ottone, 
etiche, rispettivamente con il polmone ad aria 


i verso due valvole elettromagi 
| compressa e con Vatmosfera (Vv. anche Fig. 3). 
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2) Un recipiente in ottone, al quale sono applicati due blocchi a posizione 
variabile (che servono per un regolaggio accurato dei rapporti di espansione 
e di supercompressione), e la valvola elettromagnetica del tipo di Fhu-Shing-Chu, 


| per Vegpansione veloce. Su di un diaframma intermedio costituito da un piatto 
p , 
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di ottone e fissato mediante gomma tra le due metà del recipiente poggia il 
piedistallo del pistone. Il collegamento tra la parte solidale alla camera e il reci- 
piente sottostante, è assicurato da una gabbia di alluminio avvitata in contro- 
vite dalle due parti. La posizione del piatto superiore è così regolata sempli- 
cemente avvitando più o meno la gabbia stessa. 

Il dispositivo per l’illuminazione è costituito da due flash lineari Mullard 
(tipo LSD 12, da 100 J), ciascuno dei quali è posto nell’asse focale di una 
lente cilindrica convergente realizzata in plexiglas, di raggio di curvatura 14 em. 


~ 


altezza 10 cm e lunghezza 25 cm. 


3. -- Principio di funzionamento. 


Per i simboli usati ci riferiamo allo schema di Fig. 3. 

Fino ad oggi si è usato, per riempire la camera, Argon saturato da una miscele: 
di alcool etilico ed acqua al 30% e 70% rispettivamente, per una pressione 
totale eccedente quella atmo- 
sferica di circa 350 mm. 

Nella camera 6 viene man- 
tenuta una pressione di circa: 
3 atmosfere, necessaria 
schiacciare il piatto A contr 
il fermo €, ed a mantenere ii 
pistone nella posizione di ri. 
poso. 

L'ambiente d, poichè le 
valvola V, è normalmente a- 
perta, è in comunicazione col 
l'atmosfera. L'espansione vie. 
ne comandata aprendo la val. 
vola V,. Il pistone scende in 
un tempo dell’ordine di 1/100€ 
di secondo, finchè il piatto 4 
non incontra il blocco v,. Ac 
espansione avvenuta si chiudé 
la valvola V,, e, con un rii 
tardo variabile, superiore ad 1/10 di secondo (tempo necessario per l’ingrossa 
mento delle gocce per la fotografia), si apre la valvola V; che permette l’ingresse 
dell’aria, ad una pressione facilmente regolabile, in d. Il pistone sale finché 
il suo piedistallo inferiore non incontra il blocco v,. Il recipiente d si vuota 
lentamente a mezzo di un foro a luce variabile ed il pistone scende finchè il 


Ietitez, SI 


REALIZZAZIONE DI UNA CAMERA DI WILSON A SUPERCOMPRESSIONE 9 


i 
DI 


suo piedistallo non poggia su A, nuovamente stabile nella posizione di equi- 
librio, poichè durante la supercompressione d si è riempito. 

Un manometro collegato con d, ogni qualvolta ritorna, al termine del ciclo, 
nella posizione di minimo, comanda la riapertura della valvola V,. 

Con questo sistema non è necessario un regolaggio accurato delle pressioni 
nè del recipiente b, nè durante la supercompressione. Per rendere minima 


la durata dell'espansione veloce si mantiene in } la minima pressione necessaria 
per schiacciare A contro C, ed analogamente si regola la pressione dell’aria 


in d, solo per variare la durata dalla supercompressione. 


4. — Circuito di comando. 


Lo schema di principio è riportato nella Fig. 4. 

La camera può essere posta in funzione sia da segnali esterni che da segnali 
di un oscillatore, come indicato in Fig. 4. Tale segnale comanda anche un silen- 
ziatore (blocco) che interdice la valvola d’ingresso per un tempo variabile da 
da 2.5 a 20 secondi. Tale stadio permette di adeguare la frequenza di ripeti 
zione del ciclo con il tempo morto della camera. 


Comando esterno 


3 Discriminatore Cathode Thich Compo 
Osci llatore omplificafore follower YER elettrico 
Cathode Controcampo , 
Thyratron volvolo espansione 
veloce 


Eccitazione 
valvola V3 
(esp. lento) 


Thyratron 


Multivibratore 
ritordo 135 
Multivibrotore 
durato. 19 


Campo 
elettrico 


Espansione 
eloce 


Valvola V3 


Comando pie pews cca MEE operazione 
2-107 


104] 0 


Ze 


RIT AEDS Caricamento 
do 20 20 DONO comera fotografica 


Super. 2107 

om pressi 

ae A Generatore TAVrorEOn Controcampo 

A bi sweep 4 valvolo 4 
supercompressione 
Multivibratore TAY FOLrOn Innesto 
ritardo 0=-8 PERSE CO 
Fig. 4. — Schema di funzionamento del circuito comandi di camera supercompressa, 


Un thyratron (CLA) viene comandato (con ritardo trascurabile) per permet- 
tere l'espansione controllata. Contemporaneamente viene comandato un secondo 
thyratron (2D21) che, per mezzo di un relais, dà corrente alla valvola V3. 
| Il ritardo della risposta del relais, ed il tempo impiegato dalla valvola per chiu- 
dersi assicurano che la espansione veloce ha potuto aver luogo completamente. 
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Lo stesso segnale va ad un multivibratore che inserisce un ritardo regola- 
bile a scatti variabile fra 0,1 e 0,5 s seguito da un generatore a denti di sega: 
che dà un segnale lineare di 1000 V/s e di 0,2 s di durata. 

Questo segnale viene inviato a due thyratron (2D21) che servono a coman- 


dare la supercompressione e la ricarica della macchina fotografica. La varia». 
bilità della polarizzazione di questi thyratron permette un regolaggio fine deiil 


itardi, necessario per la supercompressione. 


Mo |= È re 10 “n NI 7 5 oC di N 7 
Fig. 5. — a) Fotografie eseguite a 20 s d’intervallo con posteompressione: b) fotografie 
eseguite a 8s d’intervallo con supercompressione. 


La stessa sweep viene inviata all’asse X di un tubo a "aggi catodici a lunges 
persistenza (5BP7) e puntinata ad 1/100 di secondo. Tale dispositivo permette 
una misura sufficientemente accurata dei ritardi. 


Infine un circuito di ritardo indipendente dal precedente, variabile frai 
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0 e 0,8 s, costituito da un multivibratore, comanda l'accensione dei flash. La 
energia di questi è fornita da due batterie da 100 uF, alimentate con tensioni 
regolabili da 1000 a 2000 V. 


5.  Termostatazione. 


La potenza dissipata nell’interno della scatola che contiene l'apparecchio 
per un ciclo della durata di 10 secondi è di circa 50 W. Sono collegati con 
Vintelaiatura che sostiene la camera e direttamente con le parti metalliche 
di questa, sottili tubi di rame dentro ai quali può scorrere acqua alla temperatura 
di circa 15 °C. 

Un elemento termosensibile, schermato da una gabbia metallica, quando 
la temperatura dell'ambiente salga, squilibra un ponte di Wheatstone alimen- 
tato in alternata. Il segnale, amplificato, viene inviato ad un rivelatore di fase. 
Si può così mediante opportuno relais, aprire la circolazione dell’acqua. L'aria 
dell'ambiente essiccata, è mossa da un ventilatore. Lo schema del circuito 
usato è quello riportato da W. Y. CHANG e J. R. WINCKLER [1], con modifiche 
che permettono di regolare le temperature fino ad 1/30 di grado. 


6. — Prove di funzionamento e messa a punto della camera. 


Si è usata dapprima la camera semplicemente a postcompressione. Si sono 
prese le fotografie di cui sotto riportiamo due esemplari, con la frequenza 
di una fotografia ogni 45 secondi. In queste condizioni il fondo nero della camera 
era velluto cucito ad un setto forato ; il setto, oltre ad evitare eventuali vortici, 
fungeva anche da elettrodo negativo del campo chiarificatore, il cui elettrodo 
positivo è tuttora costituito da una greca in alluminio depositata a spruzzo 
sul disco di cristallo superiore. 

Il campo chiarificatore aveva una intensità di 30 V/em. La miscela, era 
quella già indicata. In queste condizioni non si è mai usato il dispositivo per 
la termostatazione. Sotto ai 20 secondi di tempo morto si osservava Un annebbia- 
mento progressivo, (la cui entità diminuiva con l'aumentare del tempo morto, 
senza mai scomparire completamente) dopo le prime 20 fotografie, fino ad una 
completa perdita della sensibilità, dopo circa 50 espansioni. 

Successivamente si è usata la camera con supercompressione. Si è osservata 
la produzione di aereosoli attraverso il velluto non eliminabili, nè diminuendo 
la velocità di compressione, nè ponendo un campo elettrico fra il setto forato 
ed una sottile griglia metallica posta a pochi mm dal setto. Si è quindi fissato 
il velluto direttamente sulla testata del pistone mobile. Si è osservato che le 


condizioni di funzionamento migliorano al diminuire del ritardo fra l’espan- 
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siore veloce e l’inizio della supercompressione e per durate della supercompres- 
sione dell’ordine di 0,018. Il rapporto di espansione (V espanso/V normale) 
è 1,09; il rapporto di supercompressione (V supercompresso /W normale) 
è 0,9. 

Si riportano nella Fig. 5 alcune fotografie di elettroni Compton da prepa- 
rato radioattivo riprese ad intervalli di tempo di 8s. In queste condizioni il 
campo chiarificatore è di 35 V/em e l’intervallo durante il quale sta spento è 
Gli Oeil Se 

Sono in corso alcune modifiche per permettere prove di funzionamento 
della camera con ritardi fra espansione veloce e supercompressione minori 
cht Malo 


Gli autori ringraziano il Professore M. Convers! e il Professore G. SALVINI 
per gli utili suggerimenti, ed i Signori V. LENZI e A. PECCHI per l’aiuto prestato 
nella realizzazione del progetto. 
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Applicazione dell’ artificio della surcompressione 
ad una camera di Wilson normale. 
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L'opportunità di utilizzare la camera di Wilson abbinata alle macchine 
acceleratrici ha spinto diversi ricercatori a studiare dei metodi per abbreviarne 
il tempo di rigenerazione, che come è noto, si aggira per camere normali in- 
torno ai tre quattro minuti. 

Uno degli artifici che ha avuto maggior successo consiste nel far seguire 
all'espansione normale della camera una surcompressione rapida, per accele- 
rare la rievaporazione delle gocce, e nel riportare poi lentamente la camera nelle 
condizioni iniziali, con una espansione. 

I dispositivi normalmente usati dai diversi autori [1] implicano general- 
mente una notevole modifica della struttura della camera: ci è sembrato di suf- 
ficiente interesse riferire circa il metodo da noi usato per applicare l’artificio 
della surcompressione ad una piccola camera di tipo classico, (di 25 em di 
diametro e 6 cm di profondità), già esistente [2] nell’ Istituto. 

Il metodo è caratterizzato da una estrema semplicità: i particolari costrut- 
tivi della camera sono rappresentati nella Fig. 1, che ne mostra una sezione 
longitudinale. 

La membrana di gomma 2 è mobile tra il pistone J ed il diaframma fo- 
‘ato 3. In condizioni di espansione, per effetto della pressione del gas nell’interno 
della camera, la membrana è adagiata sul pistone, il quale a sua volta poggia 
sul cilindro 8 la cui posizione è regolabile dall'esterno. In condizioni di com- 
pressione normale il pistone, mediante il confiamento del pneumatico 4 viene 
spinto in avanti nella posizione determinata dal fermo 5 che serve anche 
per l’aggiustamento del rapporto di espansione. In condizioni di surcom- 


pressione la membrana 2 viene proiettata in avanti e fatta aderire al dia- 
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framma forato; l'avanzamento del ci- 
lindro 8 permette la regolazione del 
rapporto di surcompressione. 

Per poter studiare l’effetto della 
surcompressione anche ad altri rap- 
porti, si è prevista per la membrana 
una corsa massima di 4 cm. La camera 
può funzionare anche come camera di 
Wilson od a 
pistone. 


normale a membrana 


Fig. 1. — 1, pistone; 2, membrana; 3, dia- 


framma forato; 4, pneumatico; 5, regola- 


i i sn zione rapporto espansione; 6, valvola 

espansione; 7, valvola surcompressione ; 

§, regolazione rapporto surcompressione; 9, scarico surcompressione; 7/0, fori per 
surcompressione. 


Lo schema di comando ed i dispositivi pneumatici per il compimento del 


ciclo sono mostrati in Fig. 2. 


Il riduttore R,, regolato ad una pressione di 1--1.5 atmosfere gonfia il pneu- 


matico permettendo la compressione 
della camera; la A (tipo 
Fussel) provvede all'espansione della 


ralvola 


camera. Il riduttore F,,. regolabile 
da 0.3 a 1.5 atmosfere, alimenta un 
serbatoio di venti litri di capacità, 
la valvola B (tipo 
Fussel) permette la surcompressione 
della camera. La valvola £ consente 
retrocamera, 
dopo la surcompressione, in un tempo 
a 28. 

Il ciclo delle operazioni è iniziato 
mediante un impulso elettrico, e la 
durata del ciclo è regolata mediante 
un motorino a velocità variabile. 

I circuiti elettronici 


ed attraverso 


lo svuotamento della 


variabile da 1 


sono costi- 


=> |Comando. 
ee 


omando 


3 Valvola 
espansione 


espons. 
Rifardo Accensione 

| flash flash Flash 
Ritardo Durafa Val 
7 2 ; vola 

| Fcempress. ricompress. ricompress. È 
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Pp. 


A 
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tuiti essenzialmente da un formatore d’impulso, da due circuiti di ritardo in 
cascata e da uno squadratore d’impulso di durata variabile; l'impulso iniziale 


provvede all'estinzione del campo chiarificatore, all'espansione della 


ed all’avvio del motorino. 


camera 
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Il primo circuito di ritardo fornisce V’innesco ai flash (MULLARD LSD 1) 
con un ritardo, rispetto all’inizio del ciclo, regolabile da 1/100 a 50/100 s. Il se- 
condo circuito di ritardo fornisce l'impulso per la surcompressione, ritardato 
da 5/100 a 1 s rispetto all’accensione delle lampade. Lo squadratore d’im- 
pulso determina il tempo durante il quale il serbatoio di riserva rimane col- 
legato colla retrocamera; tale durata può essere variata da 5/100 a 0.5 s. 

L’apparecchiatura è attualmente in fase di messa a punto: i primi risultati 
sembrano abbastanza promettenti. Le fotografie 3 e 4 mostrano rispettivamente 
il complesso dell’apparecchiatura e il retro della camera. 
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Ulteriori osservazioni 
sul funzionamento di una camera a diffusione. 
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1. — Il problema della determinazione della distribuzione della tensione di 
vapore, della temperatura e della soprassaturazione in una camera a diffusione 
è stato da noi già affrontato [1] considerando le varie grandezze in questione 
dipendenti oltre che dalla quota, contata a partire dal fondo della camera, 
anche da una coordinata orizzontale; lo scopo che ci eravamo proposto era 
quello di prevedere l’effetto sulla conformazione dello strato sensibile di par- 
ticolari condizioni imposte alla temperatura e alla tensione di vapore sulle pa- 
reti laterali della camera o su setti di materiale posti verticalmente all’inter- 
no. Può occorrere infatti prevedere, per es. in esperienze con macchine acce. 
leratrici, la minima distanza da tali setti alla quale ancora si osservano tracce 
di particelle ionizzanti. Precisamente il problema allora risolto (che indichiamo 
come problema I), trascurando in un primo tempo l’effetto della condensa- 
zione del vapore su centri elettricamente carichi e scarichi, fu quello della 
integrazione del sistema differenziale: 


(1) T-A,u— grad T x grad u = 0, AT —ecAwu+=0, 


in cui Z(x,y) indica la temperatura e si è posto u(x, y) = In (P— pi), È: 
essendo la pressione totale all’interno della camera e p,(7, y) la pressione par- 


ziale del vapore. 
Si è posto inoltre x = A,PD/KR, avendo indicato con A, il calore spe- 


cifico a pressione costante del vapore, con R la costante dei gas e con De 
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K i valori medi del coefficiente di diffusione del vapore e del coefficiente di 
conducibliità termica della miscela gas-vapore rispettivamente, tra i valori | 
della temperature della sommita e della base della camefa, | 

Il dominio E di integrazione del sistema (1) era il rettangolo ABCD di | 
Fig. 1, di lati a — 15 cme b = 20 cm. Le condizioni imposte alla Ta, y) ei 
alla p,(v, y) sulla frontiera FE del dominio E erano le seguenti: 


Ta, 0) = 213 OK, T(x, b) = 293 °K, 


T(0, 4) = T(a, y) = 


La p, soddisfaceva l'equazione di Clausius-Clapeyron per i vari valori della 7. | 
L’abbassamento dello strato sensibile prodotto dalla condensazione dell 
vapore su centri carichi fu trovato con un procedimento di approssimazionii 
successive a partire dai risultati ottenutit ras- | 
A curando la condensazione. Fu così possibileg 
stabilire in modo semplice la dienpdenza del-4 
i c| D Valtezza dello strato sensibile dal numero dii 
i ioni/em* s prodotti all’interno della camera. 
I Ora vogliamo riferire sui risultati della in-} 
tegrazione del sistema (1) nel rettangolo £4 
la: 4 di Fig. 1, con condizioni per la 7 e per la p,,} 
sulla frontiera di £, diverse da quelle deb 
problema I. 
Si sono risolti precisamente due nuovi pro-| 
Y blemi, II, e II,. In ambedue la distribuzioned 


4 A della 7'(x, y) sulla FE è identica a quella deb} 
problema I. i 
ASS ORS) > . D | 
Nel problema II, si assegnano alla p, i va-| 

Rossi E 


E. lori p, forniti dall’ equazione di COlausius. 
Clapeyron, nei tratti HCDL e AB della FH?) 

mentre nei tratti AH e BL si impone che sia ©p,/dx = 0. I 
Questa ultima condizione è equivalente ad imporre che sia nulla la com.| 
ponente orizzontale del vettore di flusso del vapore lungo i tratti AH e BL | 
cioè che questi siano, come anche si dice, impenetrabili al vapore. | 
Nel problema IT, si assegnano i valori p,, alla p, nei tratti AB e CD, mentrel 

la condizione 0p;/èx = 0 è estesa agli interi segmenti AC e BD. | 
L'integrazione del sistema (1), con le nuove condizioni sulla Rice state 
effettuata all’Istituto Nazionale per le Applicazioni del Calcolo, ed ha’ fornite 
le seguenti soluzioni. P | 


al 


- 
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Problema II, 


Tabella della temperatura T(x, y). 


7 ne 0 2.50 5.00 7.50 

0.90 213 213.00 213.00 213.00 | 
1.25 223 222.52 222.01 221.83 

2.50 233 231.87 230.82 230.44 

5.00 253 249.80 247.48 246.67 | 
7.50 273 266.18 262.15 260.86 | 
10.00 293 278.98 273.77 272.23 

12.50 293 286.02 281.81 280.48 | 
15.00 293 289.34 286.93 | 286.09 | 
17.50 293 291.43 290.33 289.95 | 
18.75 293 292.18 291.71 291.53 
20.00 293 293.00 293.00 293.00 

Tabella della soprassaturazione S(x, y). 
= 7] = wr 
% 0 2.50 5.00 7.50 

Y 

0.00 1 1 1 1 

1.25 15.974 | 15.589 16.493 15.044 

2.50 12.057 | 13.000 14.242 13.961 

5.00 5.092 6.025 | 7.038 | 7.350 

7.50 1.772 2.838 | 3.542 3.830 
10.00 1 1.670 2.136 2.307 
12.50 1 | 1.305 1.546 | 1.629 
15.00 1 | 1.149 1.263 | 1.304 
17.50. | 1 | 1.055 1.105. | 1,122 
1376 | 1 | 1.031 L047 1.057 
20.00 1 | 1 1 L 
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Tabella della temperatura T(x, y). 


| 0 2.50 5.00 | 7.50 
Y | 
d = i E i a 
0.00 PANN) 213.00 213.00 | 213.00 
1.25 223 222.31 221.88 221.70 
2.50 233 231.67 230.61 230.23 
5.00 253 249.58 247.21 246.39 
7.50 273 266.04 261.91 260.61 
10.00 293 278.90 273.61 272.06 
12.50 293 285.87 281.71 280.40 
15.00 293 289.34 286.90 286.07 
17.50 293 291.46 290.35 289.96 
18.75 293 292.24 291,73 291.54 
20.00 293 293.00 293.00 293.00 
Tabella della soprassaturazione S(x, y). 
0 2.50 5.00 7.50 
y 
0.00 1 1 1 1 
1.25 10.896 11.493 12.159 12.338 
2.50 8.984 10.081 11.045 11.407 
5.00 3.394 4.347 5.204 5.545 
7.50 1.279 1.992 2.632 2.884 
10.00 0.516 1.160 1.610 Ue Eu 
12.50 0.641 0.954 1.218 1.318 
15.00 0.764 0.934 .1074 1.128 
17.50 0.884 0.963 1.009 1.046 
18.75 0.940 0.980 1.009 1.019 
20.00 1 1 1 il 
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La forma dello strato sensibile che risulta dai dati delle tabelle precedenti 
€ indicata in Fig. 2. 

La forma dello strato sensibile che risulta dai dati delle tabelle del pro- 
blema II, è quella indicata in Fig. 3. 


(e; fo) c fy 
H L H L 
A B A 8 

Fig. 2. Fig. 3. 


Dal confronto dei risultati ottenuti nei tre casi I, II, e II, è possibile 
|) trarre alcune conclusioni, del resto ovvie: 


a) Il velluto bagnato di alcool che, in alcune camere oggi funzionanti 
riveste le pareti laterali, impedisce la formazione di tracce di particelle ioniz- 
i zanti, nelle sue vicinanze, fino a distanze dell’ordine di 1--2 cm. Occorre impe- 
dire che il vapore condensi sulle pareti laterali se si vuole ottenere uno strato 
sensibile che si estenda fino a contatto di queste. 


b) Il confronto dei risultati ottenuti nei due problemi II, e IL, fa vedere 
che, a parità di tutte le altre condizioni, una maggiore superficie che faccia 
da sorgente di vapore produce uno strato sensibile più elevato. 


c) Limitandosi a considerare le soluzioni di approssimazione zero (*), 
che forniscono già una soluzione soddisfacente dei problemi IL ceto 
l osserva che è identica nei tre casi la distribuzione della T(x, y). Inoltre, nel 
| caso II,, la p,(x, y) risulta indipendente da x. In questo ultimo caso la S(a, y) 
\dipende dalla x solo attraverso la T(x, y), che determina la p,,.[ T(x, y)|- 


(*) Vedi in proposito la Relazione dell’ Istituto Nazionale per le Applicazioni del Cal- 


colo (non pubblicata). 
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Se si impone alla T(z, y) di essere lineare sui tratti AC e BD del dominio E! 
alla 0p,/0x di essere ivi identicamente nulla, lasciando inalterate le condizioni 
sui tratti AB e OD, è da attendersi che il sistema (1) abbia una soluzione indii 
pendente dalla x; cioè quella del caso unidimensionale. 


2. — Oltre a ciò che si è esposto nella Sez. 1 di questa relazione, ci si è ucco 
pati di stabilire nel modo più semplice un criterio di « similitudine di comi 
portamento » per camere a diffusione della stessa geometria che utilizzino ld 
stesso vapore organico ma diversi gas di riempimento, eventualmente a pres: 
sioni e con densità di ionizzazione differenti. Intendiamo [1] per camere a com 
portamento simile due camere a uguale geometria e utilizzanti lo stesso vaport 
organico, nelle quali è identica altezza dello strato sensibile e pure identichi 
sono le distribuzioni della 7, della p, e della p,. Ci riferiamo in ciò che segu 
ad una trattazione unidimensionale del problema. Abbiamo espresso [1] 1 
riduzione del flusso di vapore, sul fondo di una camera, dovuta alla com 
densazione, nel modo seguente: 


(2) AD, = (1—&)D = 4ar°mP Sa 


nella quale il significato dei simboli è il seguente: 


y raggio medio delle gocce, 

No numero di ioni/ecm?s formati in aria in condizioni normali di ten 
peratura e pressione, 

Z numero atomico del gas di riempimento, 


tT numero di atomi per molecola del gas di riempimento, 


Sr 


altezza dello strato sensibile, 
ò densità del vapore, 


M peso molecolare del vapore. 


Pensiamo la (2) riferita a due camere per le quali si voglia stabilire il ei 
terio prima detto di similitudine di comportamento. Se si dividono m. a n 
le due uguaglianze che così si scrivono e si tiene conto della legge di ingra 
samento di una goccia col tempo 


ee 
(3) ra On e 
(dove 0, è la densità del vapore lontano dalla goccia che si sta considerand 


0) la tensione di vapore saturo e o la densità della goccia) insieme con la leg: 
di Stokes relativa alla velocità di caduta della goccia stessa in un mezzo 
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viscosità u, si trova facilmente il criterio cercato, espresso dalla 


4 
3 


(4) 1D, 3 Pîni 


See i 
ane (toh) — sD, Pont (t-4a), 


dove gli indici 1 e 2 si riferiscono ai due casi da confrontare. 


3. — Desideriamo, per concludere, mettere in evidenza la facilità con la 
quale la teoria da noi svolta permette di descrivere il comportamento di una ca- 
mera a diffusione in condizioni di funzionamento estremamente variate. 

Le conseguenze che abbiamo finora dedotto si riferiscono a camere funzio- 
nanti con alcool metilico; tuttavia è possibile ottenerne analoghe conseguenze 
per camere funzionanti con un diverso vapore organico, senza che modifiche 


sostanzìali debbano essere introdotte. 

Al confronto fra camere funzionanti, con lo stesso vapore organico, con 
diversi gas di riempimento, a pressioni e densità di ionizzazione differenti, 
possibile per la (4), si è pervenuti attraverso un procedimento estremamente 
semplificato rispetto a quello esposto da SHUTT [2]. 

La possibilità di stabilire direttamente dal numero di ioni/cm* s L'altezza 
dello strato sensibile e, dalla conoscenza delle condizioni per la temperatura 
e la pressione di vapore sul bordo della camera, la minima distanza alla quale 
sono ancora osservabili tracce di particelle ionizzanti, riteniamo possa risultare 
di utilità notevole in esperienze con macchine acceleratrici. 
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SUPPLEMENTO AL VOLUME IV, SERIE X NE 2 el OG 
DEL NUOVO CIMENTO 2° Semestre 


Operation Conditions of a Bubble Chamber 
(n-pentane, iso-pentane and diethyl ether). 


L. BERTANZA, G. MARTELLI and A. ZACUTTI 


Istituto di Fisica dell’ Università - Pisa 
Istituto Nazionale di Fisica Nucleare - Sezione Aggregata di Pisa 


[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 2, 487 (1955). Qui riportiamo solo il riassunto. N. d. R.]. 


Summary. — A general criterion to calculate the operations for a bubble chamber ° 


is deduced. Numerical tables are given for n-pentane, iso-pentane and diethyl ether. 


SUPPLEMENTO AL VOLUME IV, SERIE X Neo 2a 1956 


DEL NUOVO CIMENTO 2° Semestre 
i jE SÙ 


Sul funzionamento dei contatori G.M. a catodo esterno. 


L. MUSUMECI 


Accademia Navale - Livorno 


Il funzionamento dei contatori a catodo esterno viene normalmente inter- 
pretato [1-7] ammettendo la formazione di un potenziale positivo sulla super- 
ficie interna del tubo. Questo potenziale, dovuto all’accumularsi di ioni che 
non vengono immediatamente neutralizzati sulla superficie stessa, viene ugua- 
gliato alla caduta di tensione attraverso la resistenza del vetro e, supponendo 
come per i contatori normali che la carica ¢ di ogni impulso sia proporzionale 
alla sovratensione interna del tubo, si ricava la nota espressione: 


(1) U =Vo/(1+(1/kEf)), 


dove V, = V.—V, è la differenza fra la tensione totale applicata all’anodo 
e la tensione di soglia del regime di Geiger; f è la frequenza media degli im- 


| pulsi e k una costante del contatore. 


Essendo 
U = Ri = Rfq, 


con i= fq = intensità media della corrente, si ottiene per q un’espressione 


del tipo 
(2) q= Alf + B); 


con A e B costanti. Queste ultime si possono determinare in funzione dei dati 


| costruttivi e delle condizioni di funzionamento, considerando il tubo come 


l'insieme di due condensatori coassiali (filo-superficie interna e superficie interna- 
superficie esterna) rispettivamente di capacità e e CO, essendo R la resistenza 
di fuga di C. In condizioni di regime l’arrivo di ogni carica positiva sul vetro 
determina un incremento di U che poi decade con costante tempo RC = 1/4. 

Nel caso dei contatori normali, numerosi sperimentatori [8-14] hanno osser- 
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vato che, al crescere di V,, la carica q di ciascun impulso cresce linearmente 
sino ad un valore molto prossimo a 0.8 ¢V, dopo di che continua a crescere 
linearmente ma con coefficiente angolare circa metà. La tensione V, & Cul Ri 
verifica la variazione di pendenza è una costante del contatore, mentre q è 
indipendente dalla frequenza degli impulsi. 

Nel nostro caso, la sovratensione interna effettiva è V,— U per cui risulta 
q funzione di f e con semplici sostituzioni si ricava: 


{ + {[C(V,—V.)A]J/fe(0.8) Val} 


Osserviamo che, dato il piccolo spessore del vetro rispetto alla superficie 
catodica, si può calcolare 0 come per un condensatore piano e quindi si ha: 
oe = 1/A, con g e e costanti assolute del vetro. Cid evita la misura diretta di R 
quando siano conosciute le caratteristiche del materiale. Per la determinazione 
di V, bisogna tener conto che il punto di variazione della pendenza della fun- 
zione q(V,) corrisponde ora alla tensione V, + U, onde si ottiene 1 


(4) V, = V(1— 0.8(cf/C2)), 


essendo V l’ascissa del punto di variazione per una frequenza media arbi- 
traria ma costante f. 

La (4) è in buon accordo con l’esperienza eseguita per diversi valori di 
frequenza media. 

Una caratteristica notevole dei contatori a catodo esterno consiste nel fatto 
che la frequenza massima registrabile, per una data tensione applicata Va, 
è una costante caratteristica del tubo e dell’annesso circuito di registrazione; 
ciò che non si verifica per i contatori normali. Operando con sorgenti gamma 
di differente intensità e protette con differenti spessori di schermo e facendone » 
variare la distanza dal contatore, si osserva che questo registra in ogni caso ; 
lo stesso massimo di frequenza quando i valori di intensità, distanza e schermo | 
sono tali da produrre un uguale flusso di radiazioni attraverso il volume sen- 
sibile del contatore. Da ciò si può dedurre che tale massimo sta in rapporto : 
costante con il flusso effettivo corrispondente. 

L'esistenza di tale massimo si giustifica teoricamente osservando che la 
soglia del circuito di registrazione corrisponde ad un particolare valore @! 
della carica. Poichè, per una data frequenza media f, si avrà una distribuzione : 
statistica degli impulsi intorno al corrispondente valor medio q, esisterà una 
certa probabilità P(q) che un impulso sia registrato a quella frequenza e quindi 
la frequenza registrata si otterrà moltiplicando la frequenza effettiva (numero) 
di fotoni assorbiti nel volume utile per unità di tempo) per P(q). L’espres-. 
sione (3) fornisce q in funzione della frequenza media effettiva f, perciò in. 
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definitiva si può calcolare la frequenza registrata in funzione di f quando sia 
nota la distribuzione degli impulsi. Questa funzione presenta appunto il mas- 
simo osservato sperimentalmente. In particolare, se ammettiamo una distri- 
buzione gaussiana, e consideriamo frequenze molto elevate, si vede dalla (3) 
che g tende a divenire inversamente proporzionale a f, in accordo con l’espe- 
rienza. In questo caso si può dimostrare che, in corrispondenza al massimo 
registrato è P(q) = 0.565. A frequenze più basse il valore di P(q) corrispon- 
dente al massimo dipende in maniera più 


sensibile dalle costanti del tubo che com- dae 

paiono nella (3). Il diagramma di Fig. 1 1000 4 
è stato ottenuto con un tubo avente le We Siria SOLA 
caratteristiche indicate, in funzione della À 8 er 30 
distanza da una sorgente gamma punti- : ian 


forme per tre diversi valori di V,. I punti 
A, B, C, calcolati nel modo detto prima 
nell’ipotesi di una distribuzione gaussiana 
di g, risultano effettivamente allineati su 
una retta di coefficiente angolare — 2 che, 


alle basse frequenze, si raccorda con la cur- di 

va della frequenza registrata. I punti A’, 

B', C', rappresentano invece la soglia di 

registrazione, alle varie tensioni, partendo A 
da frequenze effettive superiori a quella di 0 1 cr IG 


saturazione del circuito. La riproducibilità Fig. 1. — Frequenza media registrata 
di questi valori è però molto meno rigo- in funzione della distanza da una sor- 
rosa di quella dei punti di massimo. Que- gente puntiforme di Ra da circa 1 me, 
sti risultati sono sostanzialmente in accordo ear aN Mardi DRPIa moe 
Contatore zincato esternamente, lun- 
con quelli riportati da D. BLANO [15-18] ghezza 8 em, diametro 2 em, riem- 
ma consentono una diversa interpreta- pimento: argon 8cmy, + alcool 1 emy 
zione del fenomeno. Infatti, secondo 
Blanc, la tensione di soglia V, sarebbe una funzione crescente della 
frequenza effettiva  f. Dalle nostre osservazioni si deve invece dedurre 
che V, è una costante caratteristica del tubo in ogni condizione di funzio- 
namento e che la soglia di registrazione va attribuita al fatto che, oltre una 
certa frequenza, è praticamente P(q) = 0. D'altra parte bisogna tener presente 
che il ragionamento di Blane, come il nostro, parte dall'ipotesi di una data 
legge di proporzionalità fra sovratensione e carica di un impulso. Questa legge 
perde la sua validità nel passaggio dalla regione di Geiger a quella propor- 
zionale; tuttavia, siccome negli ordinari circuiti di registrazione la soglia @ È 
di qualche ordine di grandezza superiore agli impulsi generati in regione pro- 
porzionale, si può ammettere che il circuito raggiunga la saturazione (punti 
A', B', C' della figura) mentre il tubo funziona ancora in regime di Geiger, 
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SUPPLEMENTO AL VOLUME IV, SERIE X N. 2, 1956 
DEL NUOVO CIMENTO 90 Semestre 
Li} stre 


Alcune considerazioni sulle particelle e sui campi. 


M. PIERUCCI 


Istituto di Fisica dell'Università - Modena 


Nel 1940 il FLINT, in una sua Nota, dal titolo The Theory of Electric Charge 
and the Quantum Theory [1], cercando di perfezionare la teoria di Kaluza di 
un continuo pentadimensionale (rendente conto, oltre che del campo gravita- 
zionale, anche di quello elettromagnetico) in una teoria unitaria quantistica, 
giungeva ad una quantizzazione intrinseca dello spazio-tempo. 

Indipendentemente dal FLINT, in una successione di Note iniziata nel 
1939 [2], io presi a svolgere questo concetto fondamentale: «le particelle ele- 
mentari non sono da considerarsi, come si fa usualmente, quali punti ad un 
istante, ossia quali ,,Welt-Punkte”, bensì quali porzioni del cronotopo einste- 
niano; meglio ancora: ogni singola particella è da considerarsi, essa stessa, 
come un Welt, la cui ipersezione spaziale Sg, a forte curvatura riemanniana, 
è immersa in una S, in prima approssimazione pseudo-euclidea ». Le parti- 
celle elementari vengono ad acquistare, in questo modo, un carattere unitario ; 
mentre la meccanica quantica riceve un aspetto di marcata concretezza; ed i 
suoi risultati appaiono semplici conseguenze del nuovo punto di vista. A questo 
modo di vedere vanno ora avvicinandosi, sia pure partendo da considerazioni 
assai diverse, non pochi autori [3]. 

Queste « considerazioni assai diverse », alle quali ora accennavo, si può dire 
che traggano una origine immediata da un lavoro di YUKAWA sul Phystkal 
Review del 1949 [4] ed una più remota origine da lavori di WATAGHIN del 
1934 [5], di Born [6] e di HEISENBERG [7] del 1938, di MARKOW [8] del 1940. 
Nel 1934 si ha infatti un primo tentativo, da parte di WATAGHIN, di una teoria 
di campi «non locali », cioè tali che le grandezze di campo non siano soltanto 
funzioni delle coordinate di tempo e di spazio. D'altronde, nel 1938, HEISEN- 
BERG prospetta l'opportunità di introdurre in fisica teorica una lunghezza 
indipendente, invariante; la quale, combinata alle costanti h e e, permette- 
rebbe di esprimere, per esse tre, tutte le grandezze fisiche. Tale lunghezza, 
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dell’ordine del raggio classico dell’elettrone, è ora introdotta da YUKAWA @ 
formare una teoria di campi non locali, che rappresentino un insieme di parti- 
celle di raggio finito e di spin rispettivamente 1 e 4. Fra i lavori più recenti 
che s'inquadrano in questo ordine di idee sono notevoli quelli di WATAGHIN 
e di MINARDI, che studiano la quantizzazione delle masse, in connessione coi 
campi non locali e con la lunghezza fondamentale; nonchè quelli di CALDIROLA 
e di CALDIROLA e DuImIo, che formulano una nuova teoria dell’elettrone, me- 
diante, appunto, l’introduzione della lunghezza fondamentale. 


I principali risultati raggiunti nella successione delle mie citate Note pos- 
sono essere così riassunti. 


1) Detta m la massa maupertuisiana di una particella elementare, dalla 
relazione einsteiniana W= m-c?, associata a quella planckiana W= hy, si 
ottiene, per la particella, il tempo « periodico » T= h/mc? ed il tempo « perio- 
dico proprio» T, = h/m,c?, essendo m, la massa «in riposo ». Osservo che il 
«tempo periodico » della particella non può intendersi che come « differenza 
temporale, in S, di due avvenimenti spazialmente coincidenti nel riferimento S 
dell’osservatore ». Abbiamo chiamato questo tempo (senza alcun significato 
modellistico) « tempo d’orbita », in quanto che, se un osservatore volesse misu- 
rare nel suo riferimento il tempo periodico impiegato da un punto mobile a 
percorrere un’orbita chiusa rispetto a se stesso, dovrebbe, appunto, valersi di 
una tale differenza temporale. L’insorgere del tempo periodico fa apparire 
come naturale la considerazione della cronotopicità delle particelle elementari. 


2) Riesco a scrivere la formula fondamentale della Dinamica della Rela- 


tività ristretta sotto la semplicissima forma: 
F='GNa, 


dove 977 è un operatore lineare (il quale, appunto, per la sua linearità, può 
riguardarsi come un tensore, che, a sua volta, può essere considerato come 
una omografia vettoriale trasformante il vettore accelerazione nel vettore 
forza). Con considerazioni analoghe a quelle che si fanno in Ottica, introduco 
la quadrica corrispondente al tensore, che chiamo « quadrica delle masse ». 
Assumendo volumi unitari, introduco la « quadrica delle densità », corrispon- 
dente al tensore di densità B. Considerando gli assi principali di questo tensore, 
ottengo la « densità longitudinale » e la « densità trasversale », che definiscono, 
con le loro radici quadrate, gli «indict di rifrazione gravitazionali principali ». | 
Sorge così spontanea l'introduzione delle « onde gravitazionali ». Per la com- 
parsa della massa maupertuisiana la superficie d’onda gravitazionale si scinde 
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in un ellissoide di rotazione allungato ed in una sfera. Lo spazio fisico si com- 
porta, dunque, rispetto alle onde gravitazionali, come un cristallo uniassico 
positivo rispetto alle onde luminose; con la differenza, però, che qui (essendo 
la massa maupertuisiana numericamente coincidente con la massa trasversale) 
la superficie d’onda è composta di un ellissoide di rotazione allungato e di una 
sfera interna (non esterna) a quello, (ed a quello tangente lungo un cerchio). 
Seguitando con procedimenti analoghi a quelli dell’Ottica, si avrà a che fare 
con un indice di rifrazione complesso p, con un indice reale (principale) n, 
con un coefficiente di assorbimento &, legati dalla relazione: n° = p?° — k?. 
La materia ci appare, dunque, come un mezzo di assorbimento delle onde 
gravitazionali. Indicando con V la velocità di fase delle onde dentro il mezzo 
assorbente (cioè dentro la materia) avremo, quindi, per il rapporto dei moduli: 


N == nips eV (N = indice relativo); 
da cui finalmente, con facili calcoli, 
pi ic 


Chiamando, ora, «lunghezza d'onda / delle onde gravitazionali » dentro la 
particella il prodotto della velocità di fase V per il tempo periodico 7° asso- 
ciato alla particella stessa, abbiamo 


A_=-kbimo . 


Le due ultime formule mostrano l'identità delle onde « gravitazionali », con 
le onde di De Broglie. 

Assumendo il cammino ottico d relativo alla lunghezza d’onda associata 
alla particella come dimensione lineare della particella stessa, ottengo 


d= NN) = hime. 


Al medesimo resultato giungo considerando la particella cronotopica come for- 
mata, nel tempo periodico, da una sub-particella, muoventesi, lungo una geo- 
detica della S; spaziale della particella stessa, con velocità ¢ 0 quasi-e. 

Da ciò si conclude subito che l’ipervolume della particella elementare assume 
il valore (invariante) 


ti = (h/myc)* 


3) La massa, con le sue varie accezioni relativistiche, è soltanto un 
accidens della materia (intesa questa come substantia, ma considerata istanta- 
neamente); di qui il carattere non invariantivo della massa stessa. L'energia 
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legata alla massa «in riposo » di una particella elementare è da riguardarsi 
come una sorta di energia interna, la quale, in accordo coi fenomeni di deca- 
dimento, in parte sarà da considerarsi come libera, in parte come vincolata. 
Soltanto a quest’ultima parte sarà da riservarsi significato di stretta connes- 
sione con la materia, considerata come substantia. 


4) Le particelle elementari acquistano, nel cronotopo, carattere unitario; 
per tutte assumono, ad esempio, uguali valori tre grandezze (invarianti della 
relatività ristretta), che chiamo: cronomassa periodica (cioè l'integrale della 
massa maupertuisiana nel tempo periodico — tempo d’orbita —); vehomassa 
periodica (ossia l'integrale circuitale della massa maupertuisiana, lungo una 


linea chiusa, il cui elemento ds sia espresso dalla relazione: ds = e- dt); azione 
periodica (cioè l'integrale, nel tempo periodico, dell'energia legata alla massa 
maupertuisiana m):. 


DI pal 


fan -dt = hie’; f MSS = 1p) ee | mera = Up. 


0 i 0 
5) Tutti i principali risultati della Meccanica quantica si ritrovano come 
semplici corollari di questo nuovo punto di vista. Citiamo alcuni esempi. 

Il Principio di Heisenberg si presenta come un principio esprimente gli 
errori che si commettono considerando le particelle « elementari » come Welt- 
Punkte e non esse stesse come Welten. 

L'equazione di Schrédinger e quella di Klein e Gordon si ottengono come 
conseguenza immediata dell'equazione di D’Alembert, la prima con Vappros- 
simazione della dinamica prerelativistica, la seconda con l’approssimazione 
della Relatività ristretta. Detta, poi, / la dimensione lineare media della par- 
ticella, equazione di Klein e Gordon, per l’elettrone non soggetto a forze, 
può scriversi operatorialmente sotto la forma: | 


ait = 6 


e può ricavarsi anche come una generalizzazione del teorema di Gauss in una 
S, euclidea. 
L’equazi i Dirac per l î i i 
i quazione di Dirac La l’elettrone non soggetto a forze, che assume, in 
una S,, la forma operatoriale: 


div — R-!-N,X = 0) , 


od anche 


Rk div—N,X =0 
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(essendo R un raggio di curvatura medio ed N, il versore della normale ad 
una ipersuperficie (*) che racchiuda il punto di S, dal quale si considera uscente 
la divergenza) appare come equivalente ad una generalizzazione del teorema 
della divergenza in una particolare S, (complessa). Questa particolare S, non 
è euclidea, nè pseudo-euclidea e nemmeno riemanniana; il tensore fondamen- 
tale esprimente la metrica di questa S, si trova, infatti, che non è simmetrico, 
nè emisimmetrico, bensì un tensore generale; il che in qualche modo ci pro- 
spetta le equazioni di Dirac, almeno in questo semplicissimo caso, come equa- 
zioni di campo unitario. 


6) Pensando la carica elettronica come fabbricata (per così dire) nel 
tempo periodico dall’osservabile intensità di corrente 7, ponendo, cioè: 


C= oliic (Po. = hie). 


la carica elettrica viene ad acquistare un carattere cronotopico. Sicche, riguar- 
dando l’elettrone come un circuito elementare, possiam dire: tutte le grandezze 
relativisticamente invarianti sono grandezze del Welt einsteiniano. 


7) L'intensità della corrente nel circuito elementare costituente la parti- 
cella (cronotopica) e la massa della particella stessa sono fra di loro propor- 
zionali; esse sono, poi, inversamente proporzionali al raggio di curvatura della 
particella considerata come Welt. Ciò porta ad escludere dalle particelle ele- 
mentari vere e proprie quelle a carica nulla: ad esempio, i fotoni. 


8) Mentre, dunque, le vere particelle elementari saranno da considerarsi 
come formate, nel tempo periodico, da una unica sub-particella, i fotoni saranno 
da considerarsi come particelle doppie, dotate di cinque gradi di libertà. Le 
due sub-particelle formanti, nel tempo periodico, il fotone potremo pensarle, 
in modo illustrativo ed esemplificativo, come attraentisi per azione di tipo 
newtoniano, cui faccia da reazione una forza di tipo elettrodinamico ampe- 
riano (+), giranti intorno al comune centro di massa, lungo due orbite inter- 
secantisi tra di loro, come quelle di una stella doppia. Ma anche lasciando 
da parte un tal modello, appar verosimile pensare che l’energia vincolata del 


(*) La ipersuperficie, in un intorno infinitesimo del punto considerato, potrà riguar- 
darsi come una dS, euclidea; quivi, per sua normale, intenderemo, dunque, quella retta 
della S, euclidea (la cui porzione infinitesima dS, coincide con la dS, effettiva) rispetto 
alla quale la S3 euclidea (di cui la dS, può considerarsi porzione infinitesima) sia il luogo 
geometrico degli infiniti piani ad essa normali. i 

(+) Siccome le due particelle elementari costituenti il fotone debbono pensarsi come 
formate, ciascuna, da una sub-particella ruotante in senso opposto dell’altra, così 
potremo parlare di due circuiti elementari, di verso opposto, respingentisi per azione 


amperiana. 
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fotone uguagli Penergia di attrazione reciproca delle due particelle elementari 
componenti il fotone stesso; cioè, anche, che l'energia vincolata del fotone sia 
uguale all'energia del campo newtoniano interno al fotone stesso. Ciò posto, 
con un semplice artificio di calcolo (*) si giunge a trovare una massa in riposo 
del fotone dell'ordine di 10-! la massa dell’elettrone, cioè dell’ordine di: 
alito 


9) Considerando i fotoni come particelle dotate di cinque gradi di libertà 
(due interni, tre del baricentro) e pensando il gas fotonico in equilibrio termo- 
dinamico col gas di particelle, si ricava subito un valore teorico della costante 
della prima legge di Wien, dato dall’espressione: he/5k (dove % è la costante 
di Planck, ¢ quella di Einstein, k quella di Boltzmann). Tale espressione, po- 
nendo per le tre costanti i loro valori, risulta numericamente uguale a 
0.288 (cm!-grad!); coincide cioè, perfettamente col valore empirico. 


10) Usando il concetto di rapidità R (R = v/x), non nuovo nelle teorie 
relativistiche, ed osservando che i fotoni hanno, in presenza di materia, cioè 
nella realtà fisica, velocità non proprio c, ma quasi-c, si trova subito che, con 
ottima approssimazione, la rapidità dei fotoni è proporzionale alla frequenza. 
Di qui, attraverso le trasformazioni relativistiche delle velocità, si giunge 
subito alla formula fondamentale dell'effetto Doppler; il quale appare, così 
per la luce, quale puro effetto quantico. 


Come sviluppo di queste considerazioni, mi propongo di esporre prossima- 
mente un tentativo di sintesi quadridimensionale delle trattazioni delle parti- 
celle e dei campi; tentativo del quale, per ora, mi limito a indicare alcune 
linee direttive. 


1) Con Vapprossimazione della relatività ristretta, essendo sempre nullo, 
per i fotoni, qualunque tratto di linea di universo; ed essendo, d’altronde, 
il « vuoto » sempre riempito dalla luce (intesa in senso lato), diremo che Vin- 
sieme dei fotoni gioca, nella S, einsteiniana quella stessa parte che giocava 
l’etere nella Ss spaziale prima di EIxsTEIN. Il «vuoto » è Vaceidens spaziale | 
dei fotoni. 

Si potrebbe obiettare che in tal modo si ristabilisce un etere; ma è facile 
rispondere che questo è quadridimensionale e che è una realtà fisica: l'insieme 


(*) Si considera il caso particolare di due fotoni che si materializzino in una coppia 
elettronica, senza residua energia cinetica; si uguaglia il doppio della massa incognita 


delle due sub-particelle formanti il fotone, moltiplicato per e2, all'espressione fm?/Ro | 


(essendo /è, il raggio di Compton); si ricava subito la massa in riposo delle due sub- 
particelle, e quindi del fotone. 
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dei fotoni, cioè, considerati come particelle cronotopiche. D'altronde ciò è in 
pieno accordo col pensiero einsteiniano e con quello dei maggiori filosofi, i 
quali negano allo « spazio » il carattere di «substantia». Ma v’è di più. Nel 
pensiero einsteiniano della seconda relatività la materia incurva lo spazio. 
Orbene: se lo spazio-vuoto fosse quello comunemente interpretato, alla maniera 
dirachiana, come «a sea of electrons in negative energy states », sarebbe la 
materia a modificare, essa stessa, con la sua presenza, un proprio accidente, 


o attributo. Il che ogni buon filosofo troverebbe assurdo. Col nostro concetto, 
invece, è la materia, cioè il campo gravitazionale, che incurva la geodetica 
fotonica, ossia modifica l’accidente spaziale dei fotoni (*). Tutto ciò, s'intende, 
in una transazione, che potremmo chiamare « relatività ristretto-generale »; 
nella quale si fissino, sì, i due soli postulati della relatività generale; ma poi, 
pensando di lavorare in piccole porzioni di campi, si considerino ancora vale- 
voli, almeno in prima approssimazione, le formule della relatività ristretta, 
nei singoli casi trattati. 


2) Se (come abbiamo già, sia pure implicitamente, accennato) la « sub- 
stantia » è quel tale « quid », per cui la corrispondente energia sia quella che 
si è detta « vincolata », l'energia, cioè, relativa alla sub-particella (la quale è 
| unica), sarà naturale che la dimensione lineare della sub-particella, descri- 
vente, nel tempo periodico, tutte le varie particelle (considerate come crono- 
topiche) debba essere una grandezza universale ed invariante. Ecco sorgere, 
così, spontaneamente, il concetto di una lunghezza elementare ed invariante. 


3) I cinque gradi di libertà spaziali dei fotoni, e più in generale delle 
particelle a spin pari (come, ad esempio, i pioni), sommati ad un grado di 
libertà coordinata temporale (ict) portano ad introdurre spontaneamente uno 
spazio rappresentativo esadimensionale, che sembra particolarmente adatto per 


lo studio dei campi. 


4) Con Vapprossimazione della relatività ristretta, considerando ogni 
fotone come un Welt-Punkt fisso, diremo che esso appare a noi (esseri schiac- 
ciati nell’iperpiano spaziale) come muoventesi con velocità ¢; così come ad 
un essere pensante, schiacciato sopra un foglio di carta, scorrevole sotto la 
i punta di una matita, fissa nei nostri riferimenti, questa apparirebbe in moto. 
| La velocità c con cui noi ci spostiamo rispetto a tutti i fotoni, formanti, istante 
per istante, col loro accidens spaziale, l’iperpiano S; a cui è normale l’asse 
ldelle x, (con x, = ict), ci rappresenta il decorrere del tempo. 


5) Tenendo conto della estrema piccolezza della massa fotonica, se si 
stabilisce un principio di equiripartizione fra gas fotonico e gas di particelle, 


(*) Si osservi che questa geodetica, che noi consideriamo come « accidens spaziale 


| fotonico », è, d’altra parte, una «non osservabile ». 
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si ricava una rapidità estremamente maggiore per i fotoni che per le così dette | 
particelle materiali. 


6) Con l'introduzione della rapidità si viene a trovare, incidentalmente, 
che le formule fondamentali della dinamica della relatività ristretta divengono | 
molto semplici: anzi, prendono addirittura la stessa forma delle corrispondenti . 
formule della meccanica prerelativistica, pur di sostituire alla comune velo- 
cità la rapidità, che ha ancora le dimensioni di una velocità, e della quale si. 
trova anche il particolare significato fisico. 


7) Si fissa un principio generale, che contiene in sè il secondo principio: 
della Termodinamica: «le curvature delle varie regioni dello spazio tendono} 
ad allivellarsi »; l’espansiene dell'Universo ne discende come semplice corollario. , 


8) Particelle e campi (per esempio, fotoni e campo elettromagnetico) } 
sono riguardati come sezioni, rispettivamente temporale e spaziale, di un unico) 
ente cronotopico. Sembra così di poterci adeguare all’ultimo pensiero einstei-- 
niano, che rifugge dal considerare le particelle come singolarità del campo,. 
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1. — Introduzicne. 


La forma delle righe di assorbimento molecolare nella gamma delle micro- 
onde è espressa matematicamente dalla nota formula di Van Vleck-Weisskopf, 
basata sull’ipotesi che allargamento delle righe sia dovuto alle collisioni fra 
le molecole, e che queste collisioni siano forti ed adiabatiche. Collisioni adia- 
batiche, secondo VAN VLECK, significa collisioni la cui durata è breve in con- 
fronto al periodo delle oscillazioni del campo elettromagnetico impresso; col- 
lisioni forti, sempre secondo VAN VLECK, sono quelle caratterizzate dal fatto, 
che dopo l’urto, la molecola non conserva alcun ricodo del suo stato anteriore. 
Inoltre va supposto, che, dopo le collisioni, la distribuzione delle energie mole- 
colari segua la legge di Boltzmann. 

Nella formula di Van Vleck-Weisskopf compare come parametro da deter- 
minare sperimentalmente, la semilarghezza della riga; che è il doppio della di- 
stanza in frequenza fra i due punti a metà potenza della riga stessa. La semilar- 
ghezza da determinare sperimentalmente è legata all’intervallo medio di tempo 
z intercorrente fra le collisioni da una relazione semplice: Av = 1/2xt; essa Ò 
quindi anche legata al diametro molecolare b e alla sezione molecolare o, in 
quanto è t = 1/Nvo, o = ab’; Nè la densità molecolare, w è la velocità rela- 
tiva molecolare media. 

L'aspetto generale del processo, col quale le righe vengono allargate per 
effetto delle collisioni, può considerarsi convenientemente spiegato dalla teoria 


(*) Le ricerche compiute su questo argomento presso il Centro Microonde sono 
in gran parte contenute dall’Air Research and Development Command. USAF, Con- 
tratto AF 61 (514) 433 E.O. ARDC. 


1002 N. CARRARA 


di Van Vleck-Weisskopf. Tuttavia molti particolari rimangono ancora nell’om- 
bra, soprattutto perchè, mentre non mancano misure di alta precisione delle 
frequenze di risonanza, le misure della forma e della intensità delle righe di 
assorbimento molecolare a microonde, sono relativamente poche e general 
mente di scarsa precisione. Poichè la conoscenza approfondita della forma 
delle righe sarebbe estremamente utile per la determinazione delle forze mole- 
colari, da cui dipende Ay, molte ricerche in tale direzione, sia su gas puri, sia 
su mescolanze gassose sono state compiute in questi ultimi tempi; sperimen- 
tali e teoriche. 
I gas più particolarmente studiati sono stati l’ammoniaca, l'ossigeno e 
il solfuro di carbonile. Le ragioni di ciò possono elencarsi come segue: 
a 
1) la molecola da osservare deve essere preferibilmente lineare 0, meglio, 
biatomica; 


2) le misure debbono possibilmente essere compiute sopra un gran numero 


di transizioni; 
3) possibilmente devono essere osservate le transizioni di dipolo elettrico. 


Dal punto di vista sperimentale il secondo punto costituisce la maggiore 
difficoltà, perchè generalmente un gran numero di transizioni è distribuito sopra 
una vasta gamma di frequenze. Fanno eccezione l’ammoniaca e l'ossigeno, 
a causa della particolare origine del loro spettro: quello dell’ammoniaca è in- 
fatti uno spettro di inversione, le cui transizioni sono comprese in una regione 
di frequenze relativamente ristretta (da 1.3 a 1.8 em di lunghezza d’onda); 
lo spettro dell’ossigeno è pure confinato in una ristretta regione (da 4.5 a 5.6 mm, 
con l’eccezione unica a circa 2.5 mm). Tuttavia i risultati sono difficilmente 
inquadrabili in una esauriente teoria, a causa della particolare origine di tali 
spettri. Per questa ragione le ricerche si sono estese anche ad altri gas, e fra que- 
sti specialmente al solfuro di carbonile, la cui molecola è di semplice struttura 
e il cui spettro di assorbimento deriva da semplici transizioni rotazionali. 

Le ricerche sperimentali, dalle prime compiute sull’ossigeno alla pressione 
atmosferica (BERINGER), alle più recenti sull’ossigeno (ARTMANN e GORDON), 
sull’ammoniaca (BIRNBAUM e MARYOTT), sul solfuro di carbonile (R. S. AN- 
DERSON) hanno visto un progressivo e veramente prodigioso affinarsi della tec- 
nica sperimentale. Una nuova tecnica è stata elaborata anche presso questo 


Centro in collaborazione con l’Istituto di Fisica dell’Università di Pisa, dalla 
quale speriamo interessanti risultati. Parallelamente, approfondite teorie sono 
state sviluppate, soprattutto per mettere in relazione la semilarghezza delle | 


righe con le forze intermolecolari, che possono essere invocate per determinare 


il valore (ANDERSON, MIZUSHIMA, MILLER e TowNES, TINKHAM e STRAND- | 


BERG ecc.). 
Il confronto dei risultati sperimentali con quelli teorici, richiede un esame 


PROBLEMI RIGUARDANTI LA SPETTROSCOPIA A MICROONDE DELL'OSSIGENO 1003 


delle caratteristiche degli apparati sperimentali e dei metodi di misura e di rap- 
presentazione oscillografica delle righe, ciò che si è tentato di fare in questo la- 
voro soffermandoci in modo particolare sulle varie tecniche usate, in relazione 
con quelle che attualmente stiamo elaborando. 


2. — Teorie dell’allargamento per urto. 


La teoria di Van Vleck-Weisskopf [1] sulla forma delle righe di assorbi- 
mento, e quindi anche della loro larghezza, in dipendenza delle collisioni mole- 
colari, parte da alcune semplici considerazioni sulla natura delle collisioni. 
Le collisioni vengono distinte in forti e deboli: una collisione è forte quando, 
dopo l’urto, la molecola non conserva alcun « ricordo » della condizione in cui 
si trovava prima dell’urto (orientazione e distribuzione); la collisione è invece 
debole quando il suo effetto sulla polarizzazione e sulla orientazione iniziale 
delle molecole è lieve, in modo che l’effetto stesso diventa apprezzabile solo 
dopo un numero rilevante di collisioni. Inoltre vengono definite adiabatiche 
le collisioni che avvengono in tempo trascurabile in confronto con il periodo 
delle oscillazioni del campo elettromagnetico esterno, cui il gas è sottoposto. 

Lo sviluppo della teoria conduce ad una formula che rappresenta la forma 
delle righe di assorbimento, in cui compare la semilarghezza delle righe stesse, 
Av, legata al tempo medio 7 intercorrente fra una collisione e la successiva, 
e quindi anche al diametro molecolare dalla semplice relazione tT = <i ove 
è 7 =1/Neab?. Questa semilarghezza costituisce un parametro, da determinare 
in base ai risultati sperimentali. 

Una visione più approfondita del meccanismo con cui avvengono le colli- 
sioni è la seguente [2]: le molecole sono essenzialmente isolate Puna da l’altra; 
gli urti eventuali reciproci provocano perturbazioni nei livelli energetici di 
una molecola radiante, e quindi durante l’urto 0 « collisione » la frequenza emessa 
dalla molecola risulta modificata. Se, dopo urto, la frequenza riprende il suo 
valore iniziale, cioè se in seguito all’urto non vi è perdita di energia, vi sarà tut- 


tavia un cambiamento di fase. Lo sfasamento sarà espresso da 9 = 2x | Av(t)dt, 
At 


} cioè sarà dato dall’integrale della variazione di frequenza Ay, che dipende dal 
tempo, calcolato per la durata dell'urto At. Questa espressione si può met- 
tere sotto la forma 2Y zA4vAt, 0, in modo equivalente, sotto l’altra forma 
DAE- Arh, ove AE esprime lo scarto energetico provocato dall’urto. Urti di 
questo tipo vengono detti adiabatici; il cambiamento di fase che essi producono, 
equivale alla introduzione di nuove frequenze che contribuiscono all’allarga- 
mento della riga di assorbimento. WEISSKOPF ammette che se l’ampiezza dello 
spostamento di fase è l’unità, cioè un radiante, l’urto può considerarsi una vera 
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e propria collisione forte, nel senso che equivale a una completa interruzione 
della radiazione provocata dall’urto [3]. 

In seguito all'urto di due molecole può anche avvenire, invece di una sem- 
plice perturbazione dei livelli energetici, una vera e propria transizione di una 
molecola da un livello energetico ad un altro. Collisioni di questo tipo, sono 
state denominate da TOWNES « diabatiche » [4]; dopo una collisione diaba- 
tica, le caratteristiche della molecola radiante non sono più correlate con quelle 
che la molecola stessa aveva prima della collisione. Nella regione spettrale 
delle microonde, l’energia di interazione necessaria per determinare un cam- 
biamento di fase di almeno un radiante è in generale sufficiente per produrre 
una transizione; quindi la maggior parte delle collisioni sono diabatiche. 

Ciò è particolarmente vero per l'ossigeno O, a causa della piccolezza della 
sua sezione d’urto. Infatti, sia 7, la durata di una collisione. Se Ay è la varia- 
zione media di frequenza durante la collisione, affinchè lo sfasamento sia al- 
meno un radiante, occorre che 0 = 7,4v > 1. Poichè è Ay = E/h la condizione 
‘ora scritta equivale a AE > h/t,. Se b è il diametro di collisione e v la velo- 
cità molecolare risulta 7, ~~ b/v. Per O,, è b~ 4,4 1088 em, v ~ 6.26 104 cm/s; 
per conseguenza 


1/7, = 1410034 


Ma le frequenze di assorbimento dell’O, si presentano nella gamma v = 5-10! s_1, 
Quindi il periodo delle oscillazioni del campo delle microonde, 7 = 1/», è mag- 
giore di t,.; ne risulta AE >h lar > hy. 

Pertanto l’energia di interazione AF necessaria per provocare durante una 
collisione uno spostamento di fase non inferiore ad un radiante, è più che suffi- 
ciente, nel caso dell'O, a provocare una transizione. 

Osserviamo che negli spettri ottici o nell’infrarosso è generalmente, al con-. 
Wano li <9, Pan 

Le teorie sull’allargamento delle righe per effetto della pressione, le quali i 
prendono in considerazioni gli urti fra le molecole sono molto numerose. Le: 
più antiche, rivolte particolarmente al caso degli spettri ottici o nell’infrarosso,, 
furono sviluppate, sulla base di un trattamento fondato sull’integrale di Fou-. 
rier, da Lorentz, da Lenz, Weisskopf [5-8]; queste teorie, assumono che, in; 
seguito agli urti, avvengano cambiamenti di fase senza cambiamento di am-- 
piezza. Esse non sono quindi applicabili al caso delle microonde, ove gli urti | 
debbono essere considerati come collisioni diabatiche. D'altra parte esse sono) 
in contraddizione con la teoria di Debye ed altri [9-11] sull’allargamento, nell 
caso limite di una linea spettroscopica di frequenza zero. 

Una teoria che possa valere in qualunque campo di frequenza deve in effetti 
tener conto non solo degli spostamenti di fase, ma anche delle transizioni... 
Questa teoria è stata elaborata da ANDERSON [12] ed è oggi comunemente ac-- 
cettata; essa considera sia le collisioni adiabatiche sia quelle diabatiche, e 
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conduce a formule relative alla forma delle righe che sono simili a quella di 
VAN VLECK-WEISSKOPF, ed in aggiunta fornisce espressioni generali sull’al- 
largamento delle righe stesse. 

Un tentativo di risoluzione del problema fondato su considerazioni com- 
pletamente diverse è stato compiuto da MARGENAU [13] che ha proposto una 
teoria diversa detta « statistica ». Essa però non spiega l’effetto di saturazione, 
e, soprattutto, non è in accordo con la dipendenza, trovata sperimentalmente 
© giustificata dalla teoria di Anderson, della larghezza delle righe di assorbi- 
i mento dalla temperatura [14-16]. 

La teoria di Anderson parte da una ipotesi fondamentale, che ANDERSON 
denomina « ipotesi della traiettoria classica ». Essa consiste nell’ammettere che 
le molecole che si urtano possano essere assimilate a dipoli puntiformi, che 
percorrono traiettorie definite: in tal modo il problema è ricondotto a tro- 
vare lo spettro emesso da una molecola, quando essa subisce delle perturba- 
zioni casuali, dovute alle collisioni, rappresentabili con una Hamiltoniana di 
interazione dipendente dal tempo. Il problema può essere allora risolto seguendo 
il metodo di Foley [17] usando la teoria della radiazione di Klein e Pauli. 

Un'altra trattazione teorica dell’allargamento delle righe di assorbimento 
nel campo delle microonde, fondata sull’ipotesi delle collisioni adiabatiche è 
stata elaborata da MIZUSHIMA [18], che ne ha fatto anche applicazione al caso 
particolare dello spettro di inversione del’ammoniaca e dello spettro dell’os- 
sigeno, prendendo in considerazione i momenti quadrupolari elettrici. 

Gli sviluppi di queste teorie sono molto complessi; sia nel caso dell’ammo- 
niaca [15], sia in quello dell’ossigeno [2], sia in quello del solfuro di carbonile 
OCS [19] i risultati sperimentali sono stati generalmente interpretati in base 
alla teoria di Anderson. 

Vari tipi di interazione sono stati proposti per giustificare l'allargamento 
delle righe dell'ossigeno e delle mescolanze dell'ossigeno con altri gas, prin- 
cipalmente Vazoto. In realtà si dovrebbe tener conto di tutte le possibili 
interazioni; fortunatamente nel caso dell’ossigeno due soli tipi hanno parti- 
colare importanza, così che gli altri potranno essere trascurati. Poichè Possi- 
geno (!*0), non ha momento elettrico dipolare, le interazioni di Van der Waals 
a grande raggio d’azione, alle quali va in generale attribuita la larghezza delle 
righe nello spettro a microonde, non si presentano. Le interazioni che invece de- 
vono essere prese in considerazione sono dovute a dipolo magnetico, a quadru- 
polo elettrico molecolare, a dispersione di London e a scambio. 

L'interazione per il momento di polare magnetico, nel caso dell’ ossi- 
geno, non contribuisce apprezzabilmente all’allargamento delle righe, perchè 
il diametro di collisione valutato in base a questo solo effetto (stimato determi. 
nando la distanza di avvicinamento minima alla quale il cambiamento di fase 
è un radiante) è soltanto 0.238 À. Questa interazione non si presenta nelle col- 


lisioni ossigeno-azoto. 
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L’allargamento delle righe dell’ossigeno dovuto alla sola azione di quadru- 
polo molecolare elettrico, è stata calcolata da MIZUSHIMA [18] col metodo delle 
collisioni adiabatiche; con l’approssimazione più appropriata semiadiabatica 
di Anderson, il diametro di collisione corrispondente a questo tipo di interazione 
è minore di 1.71 A. Sebbene il momento quadrupolare per l'azoto sia almeno 
tre volte maggiore di quello dell’ossigeno l'allargamento da esso prodotto è 
molto piccolo. 

ANDERSON ha calcolato l'allargamento provocato dalle forze di disper- 
sione di London. Questo tipo di forze può essere descritto come una interazione 
fra il momento dipolare fluttuante di una molecola, associato con il movi- 
mento dei suoi elettroni, e il momento dipolare che esso induce in una seconda 
molecola. Queste forze di dispersione, forniscono una larghezza della riga di 
1.27 MHz/mm,,, che è troppo poco. Risultati analoghi sono stati ottenuti 
per le mescolanze ossigeno azoto. 

Le azioni di scambio fra le due molecole sono dovute all’interazione delle 
loro funzioni d’onda elettroniche; queste contribuiscono sostanzialmente all’al- 
largamento delle righe dell’ossigeno. 

Poichè le forze di dispersione, dette anche di polarizzabilità, e quelle di scam- 
bio portano i maggiori contributi all’allargamento delle righe, questo allarga- 
mento può essere calcolato tenendo conto soltanto di esse. Le interazioni di 
polarizzabilità sono specificate in termini di parametri noti dalle misure ot- 
tiche; le interazioni di scambio sono invece ben più difticili da trattare teo- 
ricamente. 


TABELLA I. — Parametro della larghezza delle righe dell'O, in funzione del numero 
quantico rotazionle K (T= 300°K). 


Be Wades Valore | Adattamen- apici Valore Adattamen- 

| sperimentale to teorico sperimentale to teorico 

| | Hz per mmyy al 2S Le. eee Hie per MM ye 
1 + | 2.20+10% 2.075 150 00 OLE 
1 == = 2.064 We + = 1.942 
3 + 223100) 1.944 17 Np OT LREETOIE 1.942 
3 =| — 1.943 19 + — |. 1.942 
5 | + | 1.964 8% 1.940 19 <= 1.83 Toe Sy Sega 
5 SENG 109 A 1.937 21 + na |? 943 
7 ae 02S 5% 1.937 21 = Si 1.943 
7 182 BOA eros 23 ni = Magers 
9 sh) 1508 ee eon 1.98: 23 = as 1.943 
9 i 2.00/45 6 Se) 2 yi, 947 25 4 = 1.943 
As GITE i — 1.939 25 _ — 1.943 
Ivi | PO c= ORO 1.938 27 - — 1.944 
13 ae | == 1.940 27 — — 1.944 
ifs} — 1.86 +,5% | 1.940 29 | — 1.944 
Ld + — 1.941 29 — — 1.944 
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ARTMANN e GORDON [2] hanno calcolato il parametro di allargamento delle 
righe dell’ossigeno in base ai contributi di questi due tipi di forze, ottenendo 
i risultati riportati nella Tab. I. Nella stessa tabella sono riportati i risultati 
sperimentali ottenuti dai medesimi autori. 


3. — Gas estranei. 


L’allargamento delle righe in un gas omogeneo, cioè costituito da molecole 
tutte della stessa specie, è diverso naturalmente da quello che si manifesta 
quando il gas in esame è mescolato con gas di specie diversa (gas estranei). 
Nella sezio re 2 abbiamo accennato all'eventuale presenza di azoto nell’ossi- 
geno. Per un gas omogeneo si hanno le relazioni, più volte utilizzate, fra il tempo 


medio 7 intercorrente fra le collisioni e il diametro della sezione di urto J, la 


velocità molecolare media v e il numero delle molecole per unità di volume N: 


ove Ay è la semilarghezza della riga. 

Per il calcolo della velocità © osserviamo che se v,, vu, sono le velocità delle 
due molecole che si affrontano, formanti fra loro l’angolo g la velocità relativa 
è (ui + u?— 2u,u, COS p). Siccome in media il cos può avere tutti i valori 
compresi fra + 1 e — 1, la velocità media relativa può essere espressa da (ui + 
+ wu). Se le molecole sono tutte eguali, mediamente è v, = v, quindi risulta: 


| 


Nel caso di un miscuglio di due gas uno assorbente e Valtro no, nelle pro- 
porzioni N, ed N, per unità di volume, l'allargamento è prodotto dalle colli- 
sioni fra le molecole N, del gas assorbente e da quelle fra le molecole N, e le 
N,. Possiamo ragionare così: una molecola del gas assorbente, nell’unita di 
tempo ingombra il volume ab°v, nei riguardi delle molecole dello stesso tipo, 
e invece il volume zbi,v,, con v, = (ui + Tale nei riguardi delle molecole di 
tipo diverso. Quindi il numero degli incontri nell’unita di tempo con le prime, 
che sono N, è 2b?v,N, e con le seconde ab0,N,. Il totale da la formula se- 


guente [16]: 
DA N60 Ani 


Questa formula può essere scritta: 


Ava; = D Ar = prAv; ’ 
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dove po è la pressione parziale del gas assorbente (ossigeno), p quella del gas 
estraneo (azoto); 4v,, dv, sono le semilarghezze a metà potenza e alla pressione 
unitaria (1mm,,) della riga autoallargata o con l’allargamento prodotto 
dal gas estraneo. Più precisamente Ay, è l'allargamento prodotto dal gas estra- 
neo la cui pressione parziale è 1 mm,,, e 4v,; è l'allargamento totale per pres- 
sione totale 1mm,,. Pertanto nella formula precedente si deve intendere 
po + p =1mm,,. Tenendo conto di ciò risulta 


Avo; — l a 1— Po Av, ic p = Ay, = f Avo; | Po_ 
PA V) Po A Vo A Vo | 


e quindi 


es SJyO.— 0) | #0.) 
. [Op ) |" 


dove £ è il rapporto di allargamento (2), f(0,) è la frazione del gas assorbente 
(ossigeno) presente nel miscuglio e i y sono gli assorbimenti nel picco di assor- 
bimento. 

Si osservi che per righe sottili, cioè quando v — » > 4», (K è una costante) è 


K Ay 
p= Kp —— - = 
Y i (v— v)2 + Av?’ 
e, alla risonanza, 
= YY 
Yr = LT 


Infine se la pressione è 1 mm,,, y, = K/Av. Numericamente, con dati tratti 
da ANDERSON, SMITH e GORDY [10], 


0 


Ay, = 152. “Ay = 1:60, Ano LITMBEz/Mb VO 0248 


risulta 


4. — Misura della semilarghezza delle righe di assorbimento sottili. 


Quando le righe di assorbimento sono sufficientemente sottili (circa 1 MHz) 
e intense (x — 107 em-1), la loro larghezza può essere misurata direttamente 
sulla loro rappresentazione oscillografica (assorbimento in funzione della fre- 
| quenza), se questa rappresentazione è fedele. Per effettuare la misura l’appa- 


I 
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rato di osservazione può essere completato con un generatore di marche tarato 
in frequenza con la necessaria precisione. Le marche possono essere portate 
in coincidenza con i punti di flesso della curva di assorbimento osservata, in 
modo da determinare la distanza 2dv in frequenza. Dalla doteeminazione di 
questa distanza si risale poi alla larghezza della riga 2A». 

In una prima approssimazione, quando le righe sono molto sottili, cioè y~r > 
> Ay, si può porre Ay = V3 dv, (% è la frequenza centrale della riga). L’appros- 
simazione può essere però spinta ulteriormente. Infatti, se si suppone che la 
potenza del campo delle microonde immessa nella cella contenente il gas in 
esame sia P,, la potenza P, in uscita dalla cella, la cui lunghezza indichiamo 
Fon 1,8 P = P,(1— exp [— a]). Nel caso di righe sottili, il coefficiente di assor- 
bimento può essere scritto, secondo la formula di Van Vleck semplificata 


dove 2, è una costante, che ha le dimensioni di una frequenza per Vinverso di 
una lunghezza. D'altra parte se, per la piccolezza di al si può scrivere P = Pol, 
la potenza rilevata è proporzionale al coefficiente di assorbimento. Le curve 
osservate sull’oscillografo, che rappresentano andamento della potenza tra- 
smessa in funzione della frequenza, rappresentano allora anche l'andamento 
del coefficiente di assorbimento. In questo caso i flessi della curva di assorbi- 
mento si individuano annullando la derivata seconda di S rispetto a vr. Se si 
pone 2 =V— Vo; è: 
a28 da2S 2Ave( —z2-+ 42°) 


eI ines pe SR | ove g= gf + Ais 
dv: da? 21 DTA nda 


La derivata seconda è nulla quando è — 2 + 4g? = 0, cioè dv = /30v: 

Se, invece, si conserva l’espressione esatta della potenza trasmessa, 1 flessi 
delle curve di assorbimento, che sono curve rappresentative di P, si presen- 
d2P 
dy? 


tano per = 0, cioè per 


dS\? d?2s 
cl A a ee 


Eseguendo le derivazioni, se ne deduce 
Avi 202Av? + agl2aAv—- 324 = 0, 
da cui 


De 1 1 3 
Ay = VET (cal) eos 
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Generalmente è sufficiente limitarsi alla relazione più semplice Ay = v3 dI, 
ma, in alcuni casi, come è stato fatto da ANDERSON [22] in un recentissimo la- 
voro è utile tener conto anche del termine del primo ordine (*). 

Il riconoscimento dei punti di flesso sulla rappresentazione della curva di 
assorbimento non è ovviamente cosa agevole nè può ottenersi con grande pre- 
cisione. Sono stati pertanto attuati spettroscopi che forniscono direttamente 
la rappresentazione della derivata della curva di assorbimento o dell’ampiezza 
della medesima derivata. Nel primo caso la distanza 20yv è la distanza fra il mas- 
simo e il minimo della rappresentazione della derivata, nel secondo caso è la 
distanza fra i due massimi. Per raggiungere questi risultati si ricorre ad un pro- 
cedimento di doppia modulazione, che può essere attuato in più modi. In ogni 
caso il generatore della frequenza nella gamma delle microonde che corrisponde 
alla frequenza della riga da osservare, generalmente un klystron con eventuali 
moltiplicatori di frequenza a cristallo, viene alimentato in modo che eroghi 
una frequenza variabile linearmente e periodicamente intorno alla frequenza 
della riga. Per ottenere questo risultato con un generatore klystron basta ali- 
mentarne il repulsore con un potenziale base tale che la frequenza erogata 
corrispondente sia molto prossima a quella della riga e sovrapporre a tale po- 
tenziale un altro potenziale che vari periodicamente e lentamente a denti di 
sega. La frequenza con cui varia questo potenziale è denominata frequenza di 
sweep. Se tale frequenza è bastantemente alta, il potenziale stesso può anche 
comandare l’asse dei tempi di un comune oscillografo catodico sul quale verrà 
rappresentata la curva; se, come sempre è vantaggioso, la frequenza stessa 
è molto bassa, potrà comandare, anzichè un oscillografo catodico, un registra- 


(*) In realta-la formula usata da ANDERSON è diversa da quella precedentemente 
ricavata nel testo, ed è 


Ay = V30v[1— (aol) /4 + (00)3/128 + ...]. 


Per arrivare a questa formula ANDERSON assume per il coefficiente di assorbimento 
la seguente espressione: 


Ay 
x Av[(» — vo) + do) 


il 


e denomina , « picco di assorbimento per la molecola ». Dalla formula precedente 
risulta che x, deve avere le stesse dimensioni che, nel nostro calcolo, aveva a, Cioè 
quelle di una frequenza per l’inverso di una lunghezza; non si vede quindi come nello 
sviluppo di Ay proposto da ANDERSON il fattore xl possa avere, come è necessario, 
dimensioni nulle; nè si vede come dal medesimo sviluppo, possa passare alla sua formula 


Av = 4/3 év — 3.70-10-10312p1/T3) exp [— RBI(J+1)KT] 


in cui il secondo termine non contiene più dv. 


= 
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tore meccanico. Se il potenziale del repeller varia in un intorno del centro del 
modo del klystron si può ammettere che la frequenza erogata vari linearmente 
col potenziale stesso, così che l’asse dei tempi dell’oscillografo è anche asse di 
frequenza. 

La frequenza erogata del klystron, che varia col tempo per effetto della com- 
ponente alternativa del potenziale del repulsore del klystron stesso, eventual 
mente moltiplicata affinchè nei suoi limiti di escursione rientri sicuramente la 
frequenza della riga da osservare, viene introdotta nella cella che contiene il 
gas in studio. Questa cella può essere costituita da un tratto di guida d’onda 


o da una cavità risonante. La potenza all'uscita della cella viene avviata ad 
un dispositivo rivelatore che può essere semplicemente costituito da un cri- 
stallo rivelatore (o da un bolometro) seguito eventualmente da un amplifica- 
tore. L'uscita dell’amplificatore va a comandare la deviazione verticale del- 
l’oscillografo o del registratore. 

In queste condizioni sperimentali, si ottiene sull’oscillografo o sul registra- 
tore la rappresentazione diretta della curva di assorbimento. Affinchè la rap- 
presentazione della curva sia fedele occorre che siano rispettate alcune con- 
dizioni sulla velocità di sweep, sulla banda degli amplificatori ecc., sulle quali 


ritorneremo. 

Per ottenere la rappresentazione della derivata della curva di assorbimento 
si ricorre generalmente ad una seconda modulazione, di piccolissima ampiezza, 
e di frequenza (frequenza intermedia) molto più alta della frequenza di sweep 
e molto minore della frequenza centrale della riga. Per modulazione di picco- 
lissima ampiezza intendiamo una modulazione tale che interessi un piccolis- 
simo tratto della curva di assorbimento. Questa modulazione può essere otte- 
nuta in vari modi. Il modo che si presenta più ovvio è quello di applicare al 
repulsore del klystron, oltre al potenziale di sweep, variabile a denti di sega 
(con ampiezza tanto grande, che la variazione di frequenza del klystron com- 
prenda ampiamente tutta la larghezza della riga), un secondo potenziale alter- 
nativo, a frequenza intermedia, e di ampiezza molto piccola. Considerando 
“allora un intervallo di tempo che sia tanto breve, in confronto al periodo di sweep, 
da poter ritenere che in tale intervallo il potenziale di sweep non vari, ma suf- 
ficientemente lungo in confronto al periodo della frequenza intermedia, accade 
che la potenza in uscita dalla cella risulta modulata alla frequenza interme- 
dia, in quanto la riga assume le funzioni di discriminatore, che converte le pic- 
cole variazioni di frequenza del klystron, provocate dal potenziale a frequenza 
intermedia, in variazioni di ampiezza. Allora ai capi del cristallo, collegato 
sull’uscita della cella, si localizza una tensione a frequenza intermedia. Se il 
cristallo è seguito da un amplificatore accordato sulla frequenza intermedia 
e da un secondo rivelatore, collegando l’uscita di quest’ultimo con la devia- 
zione verticale dell’oscillografo catodico o del registratore, Si otterrà la rap- 
presentazione del valore assoluto della derivata della curva di assorbimento, 
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con approssimazione tanto migliore, quanto più piccola sarà l'ampiezza della 
tensione a frequenza intermedia. Naturalmente anche in questo caso andranno ; 
soddisfatte condizioni riguardanti l'ampiezza e la frequenza della modulazione | 
a frequenza intermedia, la banda dell’amplificatore a frequenza intermedia 
ecc., affinchè la curva derivata sia rappresentata con elevata fedeltà. 

Negli spettrografi meno recenti la media frequenza era dell’ordine di 100 kHz. 
Nelle disposizioni più recenti [20] la frequenza intermedia è stata considere-. 
volmente ridotta: è stato infatti osservato che la larghezza della riga varia 
non solo con l'ampiezza della modulazione, ciò che non fa meraviglia perchè» 
la curva osservata rappresenta la derivata della riga solo per ampiezza di mo- 
dulazione tendente a zero; ma varia anche con la frequenza intermedia e con 
la frequenza di sweep. In particolare è stato osservato [19] che quando la fre- 
quenza intermedia è comparabile con la larghezza della riga, la larghezza ap- 


parente della riga stessa aumenta per etfetto della modulazione. Così è stato 
riconosciuto che le frequenze più alte di 10 kHz non sono consigliabili, e che: 
l’impiego di una frequenza non superiore a 4 kHz rappresenta una buona ap- 
prossimazione per ottenere rappresentazioni sufficientemente fedeli. 

Similmente la rappresentazione è più o meno fedele a seconda dell’ampiezza 
e della frequenza di sweep. Se tali grandezze sono eccessive, sia la rappresenta 
zione della riga, sia le marche di misura eventuali risultano distorte. Occorre. 
quindi che ampiezza e frequenza di sweep siano le più piccole possibili. Abbiamo 
fatto uno studio che mostra appunto le distorsioni derivanti da tali effetti [23] 
e precisa le condizioni per evitarle. 


Come si è detto, se l'amplificatore a frequenza intermedia è seguito da un. 
comune rivelatore, si ha la rappresentazione del modulo della derivata della 
righa di assorbimento. Quando si voglia ottenere la rappresentazione della deri- 
vata in grandezza e segno, conviene ricorrere a.un rivelatore sensibile alla fase 
(lock-in detector), ottenendo in tat modo anche un elevato aumento di sensi- 
bilità dello spettrografo, perchè è possibile ridurre la banda del complesso di 
rivelazione fino al valore eccezionalmente piccolo di 1 Hz (la sensibilità cresce 
col ridurre la banda) e il rumore di fondo fuori fase con i segnali viene elimi- 
nato [24]. Un lock-in detector può essere attuato in vari modi. Il segnale di 
uscita dell’amplificatore a frequenza intermedia, che, per effetto dello sweep, 
risulta modulato dalla riga in ampiezza (l'ampiezza è massima nei flessi della 
riga e nulla alla frequenza del massimo di assorbimento) venga per esempio . 
applicato alla griglia di controllo di un pentodo. Si tratta di un segnale molto: 
piccolo che può essere espresso da: 


vi = f(t) cos (wt + 6), 


dove f(t) rappresenta la modulazione che avviene con la cadenza di sweep e w| 
la media frequenza angolare. Un secondo segnale, di ampiezza grande in con- 
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fronto al precedente, prelevato dall’oscillatore che fornisce la tensione a media 
frequenza, viene applicato al soppressore del medesimo pentodo. Sia 


V = 4 COS wt, COM Uh > is 


questo secondo segnale. La differenza di fase fra i due può essere regolata a 
volontà con un adeguato sfasatore, interposto per esempio fra l’oscillatore an- 
zidetto e il soppressore del tubo. La variazione della corrente di placca del tubo 
risulta allora 


i(t) = g(t)o,, 


dove g(t) è una funzione di v, e quindi, attraverso v», del tempo 


g(t) = bo + dy, + bot +... = hy + hy CO8 wt + k, cos 2mt + ... . 


Tl condensatore sulla placca del tubo e il filtro passa basso (fig.1) filtrano le fre- 
quenze alte della corrente, sicchè si 


localizza ai capi di FR la tensione = | R 
4 4 NM To) 
‘= k,Rw, cos wot. | | LIA USCITA 
0 V2 | 
Finalmente la tensione di bassa fre- ou ~*~ 
, apse È FILTRO. PASSA BASSO 
quenza di sweep all'uscita dal filtro 
risulta mi 
v = k,Rf(t) cos 0. La IC 
Se il segnale di riferimento applicato Fig. 1. — Schema di rivelatore sinero- 


al soppressore è in fase col segnale, è nizzato (lock-in detector). 


0 = 0 e la modulazione verrà rivelata; 

si ottiene perciò all’uscita una tensione che rappresenta in grandezza e segno 
la curva derivata. Se invece 0 = 90° l’uscita è nulla, e torna ad essere diversa 
da zero quando il segnale da osservare subisca una variazione di fase rispetto 
a questa. 

Si può approfittare di tale possibilità per ottenere la rappresentazione, 
anzichè della curva derivata, dell'andamento della dispersione [25]. Lo spet- 
troscopio non deve però avere la modulazione a frequenza intermedia. Invece 
il segnale in uscita dalla cella di assorbimento, che entra in un ramo di un 
magico, si sovrappone ad un segnale, che dopo aver percorso un tratto di guida 
d'onda a vuoto entra nel ramo opposto. Naturalmente ambedue i segnali 
hanno la frequenza delle microonde. Ciò che esce dal terzo ramo, è un miscu- 
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glio di termini derivanti dalla differenza di fase e di ampiezza dei due. Sia v cos wt 
il segnale che entra nel T dalla guida vuota; quello che entra dalla guida con- 
tenente il gas può allora scriversi: (v— alv/2) cos(ot + dl), se 1 è la lunghezza 
della guida, il coefficiente di assorbimento e ò la variazione di fase per unità 
di lunghezza; indicando con & = y' + iz" la suscettibilità elettrica del gas 
è anche x = (872/A)y", 6 = (4n?7')/A. 

Il segnale risultante uscente dal T (ramo £) sarà allora 


1 È 
v= —~[v cos wt— (v— alv/2) cos wt + dl. 
V2 


e, poichè x, 6 sono molto minori di uno, 


o = (1/V2)[(alv/2) cos wt +, (dlv) sen t]. 


Esso risulta dunque composto da due termini in quadratura, di cui uno ha 
ampiezza proporzionale ad « l’altro proporzionale a 6. Questo segnale a micro- 
onde viene eterodinato, e la frequenza di battimento, per esempio 30 MHz, 
amplificata con una media frequenza da Radar, viene avviata al lock-in detec- 
tor, il cui segnale di riferimento viene prelevato da un apposito oscillatore a 
30 MHz. A seconda della fase di tale segnale, rispetto all’uscita dell’amplifica- 
tore a media frequenza, il rivelatore rivelerà l’una o l’altra componente, cioè 
l'assorbimento o la dispersione. 

Poichè un rivelatore lock-in risponde anche alle armoniche e alle subarmo- 
niche della frequenza di modulazione, l'amplificatore della modulazione a me- 
dia frequenza, dovrà essere sufficientemente selettivo per filtrare tali frequenze; 
il filtro a strettissima banda è essenzialmente costituito dal filtro passa basso 
di uscita. 

Altri procedimenti per ottenere la modulazione a frequenza intermedia 
sono basati sull’effetto Stark o sull’effetto Zeeman. Parleremo solo dell’effetto 
Zeeman, largamente usato nel caso dell’ossigeno, [26-29]). 

Poche molecole hanno lo stato fondamentale paramagnetico, e presentano 
perciò assorbimento nella gamma delle microonde. Fra queste la più importante 
è l'ossigeno. Prescindendo da effetti derivanti dal nucleo (che peraltro non si 


° presentano nel caso di !0,), la separazione dei tripletti rho dei livelli rotazio- 


nali, è [30] 
DL = io gPHM, ’ 


dove H è il campo magnetico esterno, f il magnetone di Bohr, M, la componente 
di J nella direzione del campo esterno, e 


ST 41) + S(S + 1)— K(K + 1) 
J Chea i 
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con le regole di selezione AM,=0, +1, 4AJ=+1, 4K=0. Nella for- 
mula precedente A è il numero quantico del momento angolare escluso lo spin 
elettronico S, e J è il numero quantico del momento totale. La formula stessa 


si deduce facilmente dal modello vettoriale della fig. 2 (caso Hund, b). I vettori 


Se K con ampiezze V S(S + 1) e VA(K + 1) sono accoppiati per la interazione 
dello spin e dei momenti rotazionali magnetici e precedono intorno alla loro 
risultante J di ampiezza VJ(J + 1), mentre J precede molto più lentamente 
(campo H debole) intorno ad H. Il momento magnetico di spin us = 2f- 
-V S(S+ 1) è lungo S ed ha la componente uw, = uw, cos(S, J) lungo J. In con- 
fronto con uw,, il momento rotazionale può essere trascurato nella energia di 


Zeeman. Quindi 4, = 4, cos (H, JH) = 2p\ (SL eros (Soc Hei 


H 
Dalla geometria della figura risulta: 


RS pel pe E ys gie ont SRI 4 ey M. 
| SOA ee da ne tonde LA cos (HJ) = M, Se : 
IN I(T = 1) V ASE 1) VIE 


Sostituendo questi valori nella £, = u,H si ottengono le formule precedente- 
mente scritte. La separazione Zeeman delle righe dell'ossigeno in campi ma- 
gnetici deboli è stata ultimamente studiata sperimental- 
mente da Hr e Gorpy [31], e teoricamente da 
HENRY e da TINKHAM e STRANDBERG [32-33]. 

Lo spettrografo Zeeman per l'ossigeno consiste gene- 


H 


ralmente in un generatore a klystron per onde nella 
| gamma del cm, con duplicazione di frequenza per coprire 
la gamma 5 ~ 6 mm, e con triplicazione per la gamma 
4 -- 5 mm. La cella è costituita da uno spezzone di 
| guida d’onda, tagliata longitudinalmente per interrom- 
pere le correnti parassite che insorgerebbero durante le 
variazioni del campo magnetico H. La guida è conte- 
) nuta in un tubo di vetro per il vuoto e circondata da 
un solenoide per la creazione del campo magnetico H. 


Poichè esso può essere dello stesso ordine del campo Fig. 2. — Accoppia- 


3 È . ; dei omenti 
magnetico terrestre la guida deve essere orientata nella mento dei momenti 
; angolari e di spin 


| direzione di tale campo, che può essere così neutralizzato edo 
con opportuna corrente costante nel solenoide. Variando alterano 

i questa corrente si può variare H e quindi sottoporre 

lil gas ad un campo variabile, orientato nella direzione della lunghezza della 
cella. Per effetto di questo campo si ha la separazione dei livelli rotazionali, e 
quindi ogni livello, rispettando le regole di selezione, dà luogo alle righe di 
Zeeman, la cui separazione dipende dalla intensità del campo. Se la corrente 
che percorre il solenoide è variabile con una frequenza intermedia fra quella 
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di sweep e quella delle microonde, le righe vengono modulate ad una fre- 
quenza doppia, perchè la separazione Zeeman è indipendente dal verso del 
campo magnetico. Però, per-ottenere una modulazione delle righe alla stessa 
frequenza del campo H, basta che la sua legge di variazione sia del tipo 
1 + cos wt, cioè basta che la componente alternativa della corrente che genera , 
il campo sia sovrapposta ad una corrente continua di conveniente intensità. 

Generalmente la rivelazione è fatta con rivelatore sensibile alla fase (lock-. 
in detector) con segnale di riferimento alla stessa frequenza del campo H, così 
che la modulazione può essere rivelata ed amplificata con una banda passante : 
di circa 1 Hz, quindi con elevatissima sensibilità per Valta riduzione del ru-- 
more di fondo. La frequenza intermedia con cui varia H è sempre molto bassa, , 
circa 4000 Hz; per questo, e perchè la banda sia dell'ordine detto, occorre che» 
la frequenza di sweep sia ancora molto più bassa; la bassa modulazione dii 
sweep è quindi ottenuta con mezzi meccanici e per l’osservazione vengono usati i 
registratori pure meccanici. 

Anche in questo caso per ottenere registrazioni fedeli, cioè curve sulle qualii 
Si possano eseguire misure significative occorre che siano verificate condizioni 
sperimentali inerenti ai singoli elementi che costituiscono lo spettrografo. 

Le curve che si ottengono con questo tipo di modulazione sono la rappre- 
sentazione della derivata seconda della riga di assorbimento. 

Per dimostrare ciò, consideriamo per semplicità la transizione J = 0-1. 
Sotto l’azione del campo magnetico la riga corrispondente si scinde in tre righe» 
Zeeman, le cui frequenze siano r,, ¥), 7», OVe » è la frequenza inalterata. Essendo: 
il campo H molto piccolo (dell’ordine di pochi gauss) le tre frequenze saranno: 
molto vicine e il fattore di forma complessivo si potrà scrivere 


1 1 1 
S == 3 ds 3 Lar 
(v—v,)? + Ay? (n) + Ay? § (y—,)2 + Ay?? 


dove, se © è la pulsazione con cui varia H, e dv l'ampiezza della conseguente: 
variazione di v, è 


Vv = % + (L— cosot)ov; vw = vy —(1— coswi)or. 


Questo fattore può essere sviluppato in serie di Fourier, e sarà sufficiente 
conservare la sola componente di frequenza ©, perchè si suppone il rivelator 
lock-in accordato su tale frequenza, tramite l'amplificatore selettivo. L’ampiezzai 
di tale componente è: 


y— V+ 6 PNE 
CARA { o + Ov prada 


[(v—% + dv)? + Av®]}? _ [(y— 9) — dv)? + Av J? 


dove y è una fase arbitraria. 
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La fase del segnale di riferimento applicato al lock-in detector è regolata 
in tal modo che l’uscita del medesimo rivelatore è una tensione proporzionale 
ad a (concordanza fra la fase dei due segnali che arrivano al rivelatore). A causa 
dello sweep impresso al klystron, la frequenza v varia linearmente, in modo che 
il campo H esplora tutta la riga. La curva che in conseguenza viene registrata 
è la rappresentazione di a al variare di y. Mostriamo che tale curva, cioè Van- 

damento di a in funzione di » rappresenta la derivata seconda della riga, in 
assenza di campo, il cui fattore di forma si può pertanto scrivere: 


So. 1/[(v WE a= Av?] . 
La derivata prima di questo fattore è 


—20—%) 


[(v—%)? + Av}? 


se, nella espressione di a, si interpreta dv come incremento di v, si vede che a 
è proporzionale alla differenza fra i valori della derivata prima (fig. 3) per 
y + dy e y— dv e quindi l’andamento di 
a, in funzione di v rappresenta tanto 
meglio la derivata seconda, quanto più 
| piccola è dv. Per tener conto di ciò gene- 
ralmente si fanno misure con ampiezza 
decrescente e si estrapola per ampiezza 
tendente a zero. 

Si verifica poi facilmente, derivando a 
Tispetto a v, che per v = » la curva o0s- vivo WG D 
servata ha un massimo; il massimo di a 


coincide dunque col massimo della riga; ¢ so 
e che, se dv < Av la derivata si annulla 
anche per y—v = A», cioè la distanza Fig. 3. — Curva di assorbimento 


jin frequenza fra i due punti di minimo e sua derivata. 

della curva osservata dà senz’altro la lar- 

ghezza della riga di assorbimento. Fin qui si è supposto che il campo 
magnetico sia molto debole (dell’ordine dei Gauss), tanto da dover compensare 
\Pazione del campo magnetico terrestre. Si possono tuttavia compiere ricer- 
i che sulla larghezza delle righe anche con campi magnetici molto intensi; tanto 
lintensi che le frequenze di assorbimento risultino molto inferiori delle frequenze 
Jnormali, in assenza di campo [34]. 

Una tecnica completamente diversa è stata ultimamente messa a punto 
ida ARTMANN e GorDON [2] che hanno eseguito accurate determinazioni sul- 
ossigeno sia a bassa sia ad alta pressione. Essi hanno fatto uso del metodo 
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della cavità non accordata, che è adatto per misure di allargamento e di inten. 
sità assoluta. 

Lo spettrometro a cavità non risonante è stato descritto per la prima voltai 
da LAMB [39] ed è stato usato da BECKER ed AUTLER e da WEINGARTEN [40-41].. 

La radiazione delle microonde, in questo tipo di spettrometro, è introdotta,, 
con una tromba adatta, in una cavità di grandissime dimensioni in confronto 
con la lunghezza d’onda. Date le dimensioni della cavità, un gran numero dii 
modi normali vi si possono installare; se non che una specie di ventilatore ai 
pale mobili, in funzione di mescolatore di modi, varia continuamente le con- 
dizioni al contorno, così da assicurare a tutti i modi lo stesso grado di eccita- 


zione e di assorbimento. In tali condizioni, la risposta di una catena di rivela- 
tori quadratici, disposti casualmente nello spazio interno della cavità (una ca- 
tena di bolometri), è proporzionale al V della cavità e del suo contenuto. 

La radiazione delle microonde viene modulata in ampiezza, a bassa fre- 
quenza (20 Hz), mediante un attenuatore inserito in un tratto di guida compresa 
fra il generatore e duplicatore a cristallo, e mosso da un motore in modo chet 
l’attenuazione da esso prodotta vari periodicamente. La risposta della ca- 
tena di bolometri, che sarà modulata alla stessa frequenza, viene inviata adi 
un amplificatore accordato, ad alto guadagno e banda stretta. L'uscita dell’am- 
plificatore viene infine rettificata e misurata con un convenzionale disposi- 
tivo a potenziometro. Le misure vengono così effettuate per punti; ma pos. 
sono essere anche usati dispositivi con potenziometri registratori. 

Ogni misura di assorbimento richiede le seguenti determinazioni: misura 
della risposta con cavità vuota; misura della risposta con cavità contenente 
il gas; infine misura della risposta con cavità vuota, ma con apertura di note: 
area. Quest'ultima misura equivale alla determinazione del della cavità quand¢ 
vi sia una perdita determinabile a priori, consistente in questo caso nella per 
dita per irradiazione attraverso la apertura, ciò che permette la determina 
zione del valore assoluto del () della cavità per confronto tra il risultato delle 
misura a cavità chiusa e a cavità aperta. 

Le osservazioni e determinazioni di ARTMANN e GORDON sulle righe dell’os: 
sigeno, risolte, sono state compiute per pressioni comprese fra 2 e 10 mm Hg: 
le frequenze di risonanza erano già state accuratamente determinate da BURG 
HALTER e altri [26]. Il parametro di allargamento /v/P e intensità di piccef 
risultarono indipendenti dalla pressione, ciò che conferma che Vallargamente 
è essenzialmente dovuto agli urti. L'andamento dell’assorbimento per ogne 
riga fu trovato corrispondente alla formula di VAN VLECK, entro i limiti degl | 
errori sperimentali. Nella tabella I, già riportata in precedenza, sono elencati | 
i valori sperimentali del parametro di allargamento, e posti a raffronto coy 
i valori dedotti teoricamente. 

Col medesimo metodo sperimentale, ARTMAN e GORDON determinarono anch: 
l'assorbimento dell'ossigeno in aria secca e alla temperatura dell'ambiente 
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alle pressioni di }, 3, 1 atmosfera, al fine di determinare come l'assorbimento 
ad alta pressione potrebbe esser determinato in base alle misure a bassa pres- 
sione. 

Anche in questo caso l'incertezza sperimentale è stata maggiore degli er- 
rori probabili statistici. 

Due curve teoriche furono calcolate per tutte e tre le pressioni; una con 
un parametro di autoallargamento per urto di 1,97 MHz per mm,, e un rap- 
| porto di allargamento N;-0,= 0.92; l’altra coni parametri di allargamento 

riportati nella tabella I, e 6 = 0.75; soltanto nel caso in cui la pressione fu una 
atmosfera, appare evidente che la seconda serie di parametri dava risultati 
‘in miglior accordo con i dati sperimentali. 

Da tutto ciò appare la necessità di affinare la tecnica sperimentale per ot- 

tenere misure di precisione più elevata. 
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1. Lo studio sperimentale dei semiconduttori, che viene di solito eifet- 
tuato su campioni ricavati da monocristalli, deve essere sempre preceduto da 
un accurato trattamento delle superfici dei campioni stessi, le quali vanno 
liberate da qualsiasi impurità eventualmente presente (per esempio, da even- 
tuali strati superficiali di ossido). 

Il trattamento delle superfici viene effettuato mediante una levigazione 
meccanica, alla quale viene fatto generalmente seguire un trattamento chimico 
od elettrolitico. Ci occuperemo, in questo lavoro, degli attacchi chimici per 
manio, facendo presente che molte delle considerazioni che 
ne agli attacchi chimici per mono- 


monocristalli di ger 
verranno esposte possono venire applicate ancl 
cristalli di altre sostanze, anche non semiconduttrici. 


La composizione delle varie soluzioni di attacco proposte è stata sempre 
ni che hanno 


determinata empiricamente e assai poco si conosce sulle reazio 
e dei vari 


luogo alla superficie dei monocristalli e sul meccanismo di azion 


attacchi. 


Le soluzioni più largamente usate contengono generalmente i seguenti 


componenti: 


1) un ossidante, come Bry, HO. BNO; 
2) un acido energico, generalmente ELE; 


= 


3) un sale (non sempre presente), come AgNO, 0 Cu(N0O3):. 
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Sembra pertanto che la rimozione dello strato superficiale del cristallo 
avvenga attraverso un primo processo di ossidazione al quale segue la  for- 
mazione di un composto solubile. La presenza di sali come il nitrato di Ag 
o quello di Cu avrebbe essenzialmente la funzione di introdurre in soluzione 
degli ioni metallici che agiscono da catalizzatori. 

Sovente, nella letteratura scientifica, i vari tipi di attacchi vengono clas- 
sificati distinguendoli in preferenziali per le superfici dei cristalli che hanno 
una determinata giacitura e in non preferenziali. Non è però del tutto chiaro 
che cosa si debba intendere per preferenzialità, nè quali ne siano le cause; 
sembra inoltre assai strano ‘che uno stesso tipo di attacco possa agire diffe- 
rentemente sulle varie facce del cristallo. 

Lo scopo della presente ricerca è appunto di investigare le modalità di 
azione di alcune delle soluzioni di attacco più largamente usate, in riferimento 
alla accennata preferenzialità. Oltre a ciò si vuole comparare l’azione dei vari 
attacchi nei riguardi dello stato in cui viene lasciata la superficie del campione. 


2. — Lo studio è stato condotto su due facce di un monocristallo di Ge, 
aventi rispettivamente le giaciture (100) e (111), usando quattro differenti 
soluzioni di attacco: il primo, detto all'acqua ossigenata, indicato come prefe- 
renziale per le superfici (100), il secondo, detto al nitrato di Ag, indicato 
come preferenziale per superfici (111) e gli altri due, al bromo e al nitrato 
di Cu, indicati come non preferenziali. Le composizioni delle quattro solu- 
zioni sono date nella seguente Tabella I. 


TABELLA I. — Composizione chimica delle quattro soluzioni di attacco sperimentate. 


1) Attacco all’acqua ossigenata (Superoxol etch): 


emi 
HO" REI em' 
H,O em? 
2) Attacco al bromo (CP4 etch): 
Ole COONS any Gusta mee Go 6 6-5 6 soe o5 Is Gale 
ELINOR SS. a Fe ee e ENO CTS 
EL 5. toon, Sn Ae ee © Ae oem Te mere 
Brea Oe PROLIATEO en a eae OS) So aeaTne 
3) Attacco al nitrato di argento (WAg - Westinghaus Silver etch): 
Ha te A ao e Die AR ORO em? 
FUN Ogg Rs a RI La Seo fan as eee em? 
H,0 (contenente 100 mg di AgNO;). .. . 2 em? 
4) Attacco al nitrato di rame: 
ise 2 em 
HNO, SAS oe ei ee 1 em? 
H,0 (contenente 100 mg di Cu(N0;),) . 2. om? 


| 
| 
| 
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Ciascuna soluzione è stata fatta agire su entrambe le facce del cristallo in 
esame, dopo una accurata levigazione meccanica delle facce stesse, per periodi 
di tempo successivamente crescenti. Dopo ciascuna esposizione lo stato della 
superficie è stato controllato mediante l'osservazione al microscopio e me- 
diante misure sistematiche di resistività. Queste ultime sono state eseguite 
col metodo della sonda a quattro punte metalliche allineate. 

Allo scopo di poter ripetere le osservazioni e le misure sempre in corrispon- 
denza delle medesime regioni della superficie del cristallo, in modo da poter 
seguire di volta in volta il procedere dell’attacco, è stato costruito uno spe- 


ciale supporto (Fig. 1) per sostenere il cristallo. 


Fig. 1. Dispositivo per le misure di resistività col metodo delle punte. Nella figura 
le punte della sonda poggiano sulla faecia (111) di un monocristallo di germanio. 


La Fig. 2 mostra il tipico andamento della resistività lungo un diametro 
della faccia (100), approssimativamente circolare. La curva è quella ottenuta 
dopo aver sottoposto la faccia ad un trattamento all'acqua ossigenata della 
durata complessiva di 3 min e 528, mediante successive esposizioni della du- 
rata rispettivamente di 7s, 15s, 30 s, 1 min, 2 min. 

Si nota che la curva ha un andamento crescente nelle regioni più esterne 
della faccia. L'aumento di resistività è solo apparente e va attribuito al fatto 
che la misura fornisce direttamente il corretto valore della resistività soltanto 
se le dimensioni della faccia sono grandi rispetto alla larghezza della sonda 
a quattro punte e se le punte sono sufficientemente lontane dagli spigoli. In 


vicinanza degli spigoli sarebbe necessario l’uso di opportuni fattori di corre- 
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zione, mediante i quali si otterrebbe un andamento praticamente rettilineo 
della curva di resistività. 

gli scopi del presente lavoro ha interesse solo il confronto fra 
le varie curve ottenibili dopo differenti trattamenti della superficie, non si è 
ritenuto necessario effettuare queste correzioni. 

Poichè la precisione delle misure di resistività dipende in modo sensibile 
dallo stato in cui si trova la superficie sulla quale poggiano le punte della sonda, 
si possono ottenere delle informazioni sullo stato della superficie stessa dal- 
l'esame degli scostamenti dei punti sperimentali dell'andamento medio della 
curva di resistività. Infatti, quanto più la superficie è uniforme e priva di 
imperfezioni ed impurità, tanto minori 
sono questi scostamenti. 


Poichè per 


25 


| \ATTACCO ALL'H307 
ana] magi 


_!_K7 +15 +30)s+(1+2) min 
|_ FACCIA (100)|. 


a 
| 


Altre informazioni sì possono ottenere 
dall’esame del valor medio della resisti- 
vità sulla faccia in esame dopo i differenti 
trattamenti (Tabella II). Si nota che il 
valor medio della resistività aumenta ge- 
neralmente con l'aumentare del tempo di 
esposizione della faccia all'attacco chi- 
mico. Ciò è probabilmente da attribuire 
al fatto che l’attacco chimico asporta, 


Fig. 2. Andamento della resistività lungo 
un diametro della faccia (100), approssimativa- 
mente circolare. La curva è quella ottenuta 


st ae 5 is dopo aver sottoposto la faccia del cristallo ad 
un attacco all'acqua ossigenata della durata 
complessiva di 3 min e 52 s, mediante successive esposizioni della durata rispetti- 
vamente di 7s, 15s, 30s, lmin e 2 min. 
TABELLA II. — Valore medio della resistività (ohm em) su una faccia (100) 
dopo differenti trattamenti. 
== === =" ie —— rr | — EP a ==" e — — i 
Trattameno della superficie Attacco con Attacco al Attacco al | Attacco al 
HERO Br | Cu(NO), AgNO, 
| | | | 
| dopo il trattamento meccanico 13.8 | 15.6 | 15.5 15.3 14.4 
| | 
| E 7s 14.3 — _ —- | oo 
| Se o's | 
eis E 3 15s 14.1 16.7 Wace 15.4 14.7 
9 ® S SARO 14.4 ue 17.0 14.6 
È Fa E s 1 min 14.6 = | 16.4 16.4 14.9 
| Leg | 2min 14.5 = = 17.0 a 
E a = 4 min 14.6 até | == Ee’ ws 
A $ 4 min 14.7 i tl Pees — — i 
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molto più efficacemente della levigazione meccanica, le impurezze di vario 
genere che si trovano sulla superficie del cristallo. 


3. — L’esame della Tabella II, unitamente all'osservazione diretta al micro- 
scopio dello stato della superficie del cristallo dopo i differenti trattamenti, 
sembra confermare il fatto, già in precedenza osservato da altri sperimen- 
tatori, che è generalmente necessario un tempo minimo di esposizione alla 
soluzione di attacco, tempo variabile a seconda del tipo di attacco e della 
orientazione della faccia in esame, perchè abbia inizio l’azione dell’attacco 
stesso. 

Le Fig. 3-10 illustrano il procedere dei vari attacchi sulle due facce del 
cristallo dopo differenti tempi di esposizione. 


FACCIA (100) 


sulla faccia (100). a) aspetto 
vigazione meccanica. b-c-d) aspetto 


Fig. 3. Attacco all'acqua ossigenata (soluz. 1 in Tabella I) 
di una regione della superficie della faccia dopo la sola le 
della medesima regione della superficie dopo i vari 

alla soluzione di attacco: per b) 7 s, per €) (7 + 15) s, per d) (7 + 15 + 30) 5. 


e successivi tempi di esposizione 


Le Fig. 3, 4, 5 mostrano come, nel caso dell’attacco all'acqua ossigenata, 
l’azione dell'attacco si inizi dalle imperfezioni lasciate sulla superficie dal 
trattamento meccanico. Si nota anche che soltanto quelle imperfezioni che $1 
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trovano allineate od orientate in una delle due direzioni degli spigoli delle 
facce (100) prendono ad allargarsi ed a fondersi fino a determinare 1 nuov 


piani della superficie. 


0.1 mm 

Fig. 4. Attacco all'acqua ossigenata (soluz. 1 in Tabella 1) sulla faccia (100). 

e-f-g-h) aspetto della medesima regione di cui alla Fig. 3, dopo esposizioni più pro- 

lungate: per e) (+ 16 4°30) 8° +1 min, per f) (7 + 15 + 30)s + (1 4+ 2) min, 
per g) (7+15+30) s + (1+2+4) min, per h) (7+15+30)s + (1424444) min. 


4. — L’esame del comportamento dei differenti tipi di attacco porta ad 
una interpretazione della preferenzialità o non preferenzialità di ciascuno 
di essi. 

Premettiamo che, avendo il germanio la medesima struttura cristallina 
del diamante, le distanze fra i piani reticolari (100) sono minori di quelle fra 
i piani reticolari (111). Le forze di legame fra gli atomi nelle direzioni normali 
ai piani (100) sono allora maggiori di quelle nelle direzioni normali ai piani (111). 

Il diverso comportamento dei vari tipi di attacco si può allora spiegare 
supponendo che ciascuno di essi possa mettere in gioco, nel corso della reazione 
una determinata energia. Si può supporre che ciascun attacco sia capace di 
strappare, mediante il processo di dissoluzione, gli atomi superficiali del cristallo 
soltanto in quelle direzioni nelle quali energia di legame (o lavoro di estrazione) 
non supera il valore dell'energia disponibile durante l’attacco in questione. 
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I quattro tipi di attacco sperimentati potrebbero allora venir classificati 
in base al caratteristico valore dell'energia che possono mettere in gioco nel 
corso della reazione. Sulla base dei risultati osservati, la classificazione. più 


FACCIA (100) 


0.) mm 


Fig. 5. — Attacco all’acqua ossigenata (soluz. 1 in Tabella I) sulla faccia (100): a-b) 
regione della superficie rispettivamente dopo la sola levigazione meccanica e dopo 
un trattamento chimico della durata complessiva di 11 min e 52s (lo stesso di cui alla 
Fig. 4h). Si noti che le imperfezioni lasciate dal trattamento meccanico dànno origine 
argo e profondo; c-d) aspetto di un’altra regione della faccia (100) 


ad un solco molto 1 
2s) di cui alle Fig. 4h e 5b. 


dopo il medesimo trattamento all'acqua ossigenata (11 min e 5 
Le due fotografie differiscono soltanto per la messa a fuoco. Poichè la messa a fuoco 
opio metallografico era regolabile mediante una vite micrometrica graduata, 


al microse 
massimo fra i vari piani 


questo accorgimento la permesso di misurare il dislivello 
della superficie, che è risultato essere di circa 10 um. 


probabile sembra essere la seguente (elencando i vari attacchi in ordine de- 


crescente per quanto riguarda la corrispondente energia caratteristica): 


1) attacco al bromo; 
2) attacco all'acqua ossigenata : 
3) attacco al nitrato di Ag; 


4) attacco al nitrato di Cu. 
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Le Fig. 3-10 mostrano infatti che: 


a) L'attacco al bromo ha una azione molto rapida ed energica su Sora tb, 
le facce (Fig. 7, 8). Non viene posta in evidenza alcuna struttura cristallina, 
il che lascia supporre che l'energia caratteristica posta in gioco nella conan 
sia superiore alle energie di estrazione sia in direzione normale alla faccia (100) 


che in direzione normale alla faccia (111). 


FACCIA(171) 


0.1mm 


Fig. 6.— Attacco all'acqua ossigenata (soluz. 1 in Tabella I) sulla faccia (111). a-b) aspetto 
di una regione della faccia (111) dopo due differenti esposizioni all'attacco all’acqua 
ossigenata; i tempi di esposizione sono per a) (15 + 30) s + 1 min, per d) (15 + 30)s + 
+ (14 4) min; nella foto b) è visibile una struttura nella quale compaiono dei piani 
paralleli. c) aspetto di una regione della superficie di una faccia avente una giacitura 
intermedia fra quelle delle facce (111) e (100) considerata dopo l'esposizione di 
(7 + 15 + 30)s + (1 + 2 + 4 + 4) min; anche in questo caso è evidente una struttura 
a piani paralleli. 


b) L'effetto dell’attacco all'acqua ossigenata è evidente su entrambe le 
facce (Fig. 3, 4, 6). Sulla faccia (100) viene messa in evidenza una struttura 
di tipo nettamente cubico, mentre sulla faccia (111) viene messa in evidenza 
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una struttura nella quale compaiono piani che sembrano avere la stessa giaci- 
tura della faccia (100). Ciò induce a supporre che l'energia caratteristica posta 
in gioco nel corso della reazione sia in questo caso superiore al lavoro di estra- 
zione nella direzione normale alla giacitura (111), ma minore di quello nella 
direzione normale alla giacitura (100). 


FACCIA(100) 


Fig. 7. — Attacco al bromo (soluz. 2 in Tabella I) sulla faccia (100): a-b) aspetto di 
una medesima regione della superficie della medesima faccia dopo diversi tempi di 
esposizione all'attacco: per a) (15 + 30) s, per b) (15 + 30)s + 2 min. c-d) aspetto 
di altre regioni della superficie della medesima faccia dopo vari tempi di esposizione: 


per a) (15 + 30) s, per d) (15 + 30) s + 1 min. 


c) L'effetto dell'attacco al nitrato di Ag è molto debole sulla faccia (100), 
mentre è assai energico sulla faccia (111), sulla quale viene posta in evidenza 
una struttura ottaedrica (Fig. 9). Ciò porta a concludere che l'energia carat- 
teristica posta in gioco è, in questo caso, di poco inferiore al lavoro di estra- 
zione nella direzione normale alla faccia (111) e di conseguenza notevolmente 
minore del lavoro di estrazione nella direzione normale alla faccia (100). L'esame 
al microscopio elettronico della faccia (100) dopo un attacco al nitrato di Ag 
della durata di 1 min 45 s (158+30 s+1 min) (Fig. 9) mostra che su tale faccia 
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è stata posta in evidenza, per quanto in modo molto debole, una struttura 


ottaedrica. 


d) L'effetto dell'attacco al nitrato di Cu è assai debole su entrambe le 
facce, ma leggermente più evidente sulla faccia (111) (Fig. 10). Ciò porta a 


FACCIA(111) 


0.1mm 


Fig. 8. — Attacco al bromo sulla faccia (111): a-b-c) aspetto della medesima regione 
della faccia dopo differenti tempi di esposizione: per a) 15 s, per b) (15 + 30)s, 
per c) (15 + 30)s+ 1 min. 


concludere che l’energia caratteristica posta in gioco durante la reazione è 
in questo caso notevolmente minore sia del lavoro di estrazione nella dire- 


zione normale alla giacitura (100) che di quello nella direzione normale alla 
giacitura (111). 


5. —-A conclusione di quanto esposto, pertanto, la preferenzialità o la non 
preferenzialità di un dato tipo di attacco chimico andrebbe intesa nel senso 
che se Penergia caratteristica posta in gioco nel corso della reazione di attacco 


è di poco inferiore al lavoro di estrazione nella direzione normale ad una certa | 


giacitura l'attacco è preferenziale per le facce che hanno questa giacitura. 
Si hanno invece due tipi di attacchi non preferenziali. Il primo tipo è costi- 
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tuito da quegli attacchi che, come quello al Br,, sono contraddistinti da una 
energia caratteristica molto più grande dell’energia di estrazione degli atomi 
dal reticolo in qualsiasi direzione. La dissoluzione dello strato superficiale del 
| cristallo avviene quindi in modo praticamente isotropo e la superficie risul- 
tante dopo l’attacco è sensibilmente liscia e uniforme e non presenta alcuna 


FACCIA (100) FACCIA(111) 


Le ee | 


| 9. — Attacco al nitrato di Ag (soluz. 3 in Tabella I). a) aspetto di una regione della 

superficie della faccia (100) dopo una esposizione della durata complessiva di 1 min 

e 45 s: b) aspetto di una regione della faccia (100) dopo il medesimo trattamento di 

cui in a): la fotografia è stata eseguita al microscopio elettronico. ¢-d) aspetto di una 

i medesima regione della superficie della faccia (111) dopo differenti esposizioni: 
per. c) (15 + 30)s + (1 + 2) min, per d) (15 + 30)s + (1 + 2 + 4) min. 


particolare struttura cristallina. Il secondo tipo di attacchi non preferenziali 
è invece costituito da quegli attacchi che, come quello al nitrato di Cu, sono 
contraddistinti da un valore dell’energia caratteristica posta in gioco che è 
notevolmente minore del lavoro di estrazione degli atomi dal reticolo in qual 
| siasi direzione. Qualunque sia la giacitura della faccia sottoposta all’azione 
| degli attacchi di questo tipo, la superficie del cristallo resta praticamente inal- 


ie 


Loto 


66 — Supplemento al Nuovo Cimento. 
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terata, limitandosi l’azione dell’attacco ad una pulitura della superficie stessa, 
consistente nell’asportare le eventuali impurezze che vi si trovano. 

Una dimostrazione dell’esattezza di quanto è stato affermato si potrebbe 
avere effettuando il calcolo diretto sia delle energie di legame degli atomi nel 
reticolo nelle differenti direzioni cristallografiche che delle energie poste in 


FACCIA(100) FACCIA(111) 


i # > 
eo DRS 
a i 


0.1mm 
HH 


Fig. 10. — Attacco al nitrato di Cu (soluz. 4 in Tabella I). a-b) aspetto di una stessa 

regione della superficie della faccia (100) dopo differenti tempi di esposizione: per a) 

(15 + 30) s, per b) (15 + 30)s + (1 + 2) min. e-d) aspetto di una stessa regione della 

superficie della faccia (111) dopo differenti tempi di esposizione: per c) (154-30) s + 1 min, 
per d) (15 + 30)s + (1 + 2) min. 


gioco durante le varie reazioni di attacco. Però, mentre il primo calcolo è possi- 
bile, almeno in via approssimata, il secondo è, almeno per il momento, impos- 
sibile, non essendo ancora ben noto quali siano le reazioni, probabilmente 
assai complesse, che hanno luogo durante i vari attacchi. 
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tore dell’Istituto Superiore delle Telecomunicazioni, per avere fornito con lar- 
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INTERVENTI E DISCUSSIONI 


— U. VALDRÉ: 
Sono state eseguite prove su campioni di tungsteno? 


— D. SETTE: 
Non ci risulta. Ci risulta che sono state fatte prove di questo tipo sul rame e sul 


diamante. 
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Stati eccitati dei complessi fra impurità bivalenti 
e posti vacanti nei cristalli di alogenuri alcalini. 


M. Tost e F. BASSANI 


Istituto di Scienze Fisiche dell’ Universita - Milano 
Istituto Nazionale di Fisica Nucleare - Sezione di Milano 


[Il testo completo di questo lavoro non essendo pervenuto alla Reda- 
zione, pubblichiamo il riassunto dato a Pisa dagli Autori. N.d. RF). 


Riassunto. — Una esatta interpretazione dei dati sperimentali sulla conducibilità 
ionica dei cristalli di alogenuri alcalini [1] richiede la conoscenza delle interazioni dei 
difetti responsabili del trasporto ionico fra loro e con gli altri difetti reticolari presenti 
nei cristalli. Causa determinante dell’interazione fra difetti d’equilibrio nei solidi ionici 
è la loro carica, ma a piccole distanze reticolari la interazione è apprezzabilmente minore 
di quella coulombiana a causa della polarizzazione elettronica e di spostamento del 
solido e della repulsione di orbite chiuse. Occorre calcolare le energie di interazione per 
sapere a partire da quale distanza reticolare esse coincidono con i valori coulombiani. 

Il calcolo delle energie di associazione fra impurità bivalenti e posti vacanti da 
ione positivo negli alogenuri alcalini alla minima distanza reticolare possibile (stato 
fondamentale del complesso fra impurità bivalente e posto vacante) è stato eseguito 
da BASSANI e Fumi [2] per impurità di Ca, Cd e Sr nel NaCl e nel KCl, utilizzando 
la teoria di Born dei cristalli ionici, particolarmente accurata nel caso degli alogenuri 
alcalini. 

I calcoli sono stati ora estesi al primo stato eccitato dei complessi fra impurità di | 
Sr e posti vacanti da ione positivo nel NaCl e KCI. Il metodo applicato è quello di | 
BASSANI e Fumi [2] e consiste nel calcolare la differenza tra il lavoro necessario ad | 
estrarre uno ione positivo dal reticolo perfetto e quello necessario ad estrarlo da una | 
posizione reticolare a distanza 2r, (ro, distanza interionica) dall’impurità bivalente. | 
Il lavoro di estrazione a sua volta è uguale alla media delle energie potenziali nella — 
posizione dello ione prima e dopo l’estrazione, cambiata di segno. Le energie del primo — 
stato eccitato risultano per il NaCl e il KCl rispettivamente di 0.41 e 0.23 eV. Questi | 
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valori, unitamente a quelli di BassanI e Fumi, mostrano che l'interazione fra impurità 
bivalenti e posti vacanti tende al valore coulombiano più rapidamente nel NaCl che 
nel KCl. Per il primo sale i termini di interazione non coulombiani sono praticamente 
trascurabili in tutti gli stati superiori al fondamentale, mentre nel KCl essi sono 
ancora significativi nel primo stato eccitato. 


RIFERIMENTI 


[1] Si veda, ad esempio, N. F. Morr e R. W. Gurney - Electronic Processes in Ionic 
Crystals (Oxford, 1948); F. Srrrz: Rev. Mod. Phys., 18, 384 (1946); 26, 7 (1954); 
F. SeITz: Modern Theory of Solids (New York, 1940). 

[2] F. Bassani e F. G. Fumi: Nuovo Cimento, 11, 274 (1954). 
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Rilassamento nucleare e associazione molecolare. 


Li GrucLorto, G. LANZI e L. Tosca 


Istituto di Fisica dell Universita - Pavia 


Si riferisce su alcuni risultati preliminari che dimostrano la possibilità di 
rivelare la formazione di associazioni molecolari nei liquidi per mezzo di mi- 
sure di tempi di rilassamento paramagnetico dei protoni dei liquidi stessi. 

Infatti il rilassamento nucleare è determinato da transizioni tra i livelli 
magnetici nucleari provocate dai campi magnetici locali variabili a causa dei 
moti di agitazione termica delle molecole del liquido; tali moti possono venir ° 
descritti con una certa approssimazione assumendo il classico modello di Debye, 
che considera ogni singola molecola come una sfera rigida posta in un mezzo, 
viscoso. 

Nella determinazione del tempo di rilassamento 7, si può valutare sepa- 
ratamente il contributo dei moti di traslazione e dei moti di rotazione delle : 
molecole, per mezzo dei tempi (7), ¢ (7) 
zione 


a ta? legati al tempo 7, dalla relazi 


1 - (4) (7) 
(ee ia da or 


Nel caso particolare dell’acqua (7), risulta, secondo la teoria di Purcell 
e coll., [1] inversamente proporzionale al tempo di rilassamento 7, che compare » 
nella teoria di Debye sull’assorbimento e sulla dispersione nei liquidi polari.. 
t dipende a sua volta dalla temperatura, dalla viscosità e dal volume della mo-- 
lecola secondo la relazione 


dana 3nV 
aan ETC] pa N 


DI Jone 


In liquidi costituiti da molecole pit complicate di quella dell’acqua, ci sil 
deve aspettare una analoga dipendenza di (Ti), dal volume della molecola, | 


e in particolare un aumento di (1/7,),,,, e quindi anche di 1/T,, al formarsil 
di associazioni molecolari. 
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Queste previsioni sone confermate dalle misure di tempi di rilassamento 
da noi eseguite con un metodo già descritto [2] su soluzioni di C,H,;Cl in CCl, 
e di CH;OH in CCI, a diverse concentrazioni. 

Al variare della concentrazione della soluzione 1/7, varia anche per effetto 
della variazione della viscosità della soluzione; conviene perciò correggere 1/7, 
mediante il coefficiente 770/77 (710 = viscosità del solvente puro). 


1] pd 
To 
= 
A 
ln ne 
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Ss beni 
3 46 
15 
| 
al anne ANE 
P_ 2 O co DE AA 
1p 2 
| | 
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0 0.1 0.2 0,3 0.4 05 06 07 08 09 1 
Fraz. Mol. di C,H, Ct 
Fig. 1. — (1/7,)-(%/n) © T-(%o/7) in soluzioni di C5H;C1 in CCI, a diverse concentrazioni. 


Per le soluzioni di C,H;Cl, in CCI, l'andamento di (1/7,)(7/7) in funzione 
della concentrazione è quello mostrato in fig. 1. (1/71)(%jo/7) cresce linearmente 
al crescere della concentrazione fino al valore corrispondente al clorobenzolo 
puro. Un tale comportamento si interpreta facilmente osservando che il con- 
tributo al rilassamento dei moti di traslazione delle molecole diminuisce linear- 
mente al diminuire della concentrazione; infatti, a causa del piccolo valore 
del momento magnetico nucleare del cloro, l’effetto del solvente sul rilassa- 
mento può considerarsi trascurabile. Invece rimane costante il contributo della 
rotazione. Questi risultati ci permettono di concludere che in soluzioni di clo- 
robenzolo in CCl, non si formano complessi molecolari. 

Nella stessa Fig. 1 sono riportati i valori del tempo di Debye 7 ottenuti da 
E. FIscHER da misure di dispersione e assorbimento alle radiofrequenze in solu- 
zioni di C}H;C1 in CCl, [3], che mostrano che per tali soluzioni 7 è indipendente 
dalla concentrazione. I risultati di Fischer sono dunque in accordo con quelli 
da noi ottenuti con misure di tempi di rilassamento nucleare. 

Diverso è invece il comportamento osservato per le soluzioni di fenolo in 
tetracloruro di carbonio. In questo caso la dipendenza di (1/7)(jo/7) dalla 
concentrazione non è lineare, ma è quella rappresentata in Fig. 2: al crescere 
della concentrazione (1/7',)(%/7) cresce rapidamente fino a raggiungere un mas- 
simo per concentrazioni corrispondenti a un valore della frazione molecolare 
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del fenolo dell'ordine di 0.25, per poi diminuire per concentrazioni ancora mag- 
viori. I nostri risultati sono in accordo abbastanza soddisfacente con i risultati 
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Fig. 2.— (1/T,):(n0/n) e t (70/7) in soluzioni di C,H;OH in CCl, a diverse concentrazioni. 


ottenuti da FISCHER riguardo al tempo di Debye e riportati nella stessa fig. 2 
e permettono di concludere che nelle soluzioni di C,H;OH in CCl, si verifica 
la formazione di complessi costituiti da un numero di molecole di fenolo cre- 
scente al crescere della concentrazione; la diminuzione di (1/7,)(7/7) per con- 
centrazioni molecolari maggiori di 0.25 potrebbe essere dovuta al fatto che 
a tali concentrazioni i grossi complessi perdono parzialmente la loro rigidità 
in modo da consentire alle singole molecole una certa libertà di movimento. 
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INTERVENTI E DISCUSSIONI 


— A, PAOLETTI: 

Può permettere l'andamento della curva, di ricavare il numero delle molecole costi- 
tuenti il sruppo? 
— UL. GiucLorTo: 


La cosa sembra possibile almeno in linea di principio da un’analisi accurata delle 
varie cause che determinano l’andamento della curva sperimentale. 
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Polimerizzazione dello stirolo in presenza di raggi gamma, 
e conseguenti modificazioni di alcune sue costanti fisiche. 


L. DE MARCO e A. DRIGO 


Istituto di Fisica dell’ Università - Ferrara 


Con stirolo al 99,2% sono state fatte esperienze di polimerizzazione a tem- 
perature comprese tra 55° e 85 °C, in atmosfera di Argon, sottoponendo con- 
temporaneamente i campioni ad intensa radiazione gamma del "Co, in ragione 
di 1000-2000 r/ora. 

I risultati di questo trattamento sono stati confrontati con quelli di analo- 
ghi campioni, polimerizzati alla stessa temperatura, senza raggi gamma. 

Per stabilire gli effetti di questi trattamenti sono stati studiati l’indice di 
rifrazione, la densità, il potere rifrangente e (mediante uno spettrometro auto- 
matico a raggi infrarossi, monoraggio, tipo Grubb-Parsons) il coefficiente di 
assorbimento della sostanza nella banda centrata a 908.5 cm, relativa al- 
l'assorbimento delle vibrazioni di deformazione del gruppo —CH=CH,. 

Come è noto, dalle variazioni dell’indice di rifrazione si può ricavare il grado 
medio di polimerizzazione, mentre dal coefficiente di assorbimento suddetto 
si può valutare la diminuzione di concentrazione dei doppi legami in relazione 
al processo di accrescimento delle catene. 

Da questi risultati sembra di poter affermare che l’effetto delle radiazioni 
gamma, anche in quantità relativamente modeste come quelle fino ad ora usate, 
sia quello di accelerare il processo di polimerizzazione che si può avere ad ogni 
data temperatura, e che appare più manifesto alle più basse temperature. 

Inoltre, continuando il processo di irradiazione, si arriva ad un punto in 
cui la polimerizzazione regredisce, forse con meccanismo analogo a quello riscon- 
trato nella irradiazione di materiali già polimerizzati. 

A chiarimento di questi risultati si sono fatte le esperienze seguenti. Dal 
campione in esame, che si fa polimerizzare sotto l’azione della temperatura e 
dei raggi gamma, venivano staccate, a determinati intervalli, adeguate por- 
zioni, di cui si faceva poi continuare la polimerizzazione sotto l’azione della 


sola temperatura, rimasta invariata. 
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Si è constatato così che, una volta iniziata la polimerizzazione sotto l’a- 
zione dei raggi gamma, questa procede collo stesso ritmo del campione con- 
tinuamente irradiato, malgrado l’assenza della radiazione. Tale effetto sembra 
assumere importanza diversa a seconda del grado di polimerizzazione raggiunto 
al momento della interruzione della irradiazione. 

Altre ricerche sono in corso per vedere se l’effetto delle radiazioni gamma 
possa, sotto tutti gli aspetti, paragonarsi a quello dei catalizzatori che si usano 
in questi casi. 
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Self-Diffusion in Liquid Indium and Tin. 


G. CARERI and A. PAOLETTI 


Istituto di Fisica dell'Università - Roma 


[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento. 2, 574 (1955). Qui riportiamo solo il riassunto. INFORERAI: 


Summary. — Self-diffusion measurements have been mode on liquid indium and 
tin over a wide range of temperatures, and a small but systematic deviation from the 
ordinary Arrhenius equation has been detected. After the customary discussion of 
the Stokes-Einstein and Eyring equations, new expressions are worked out in the 
quasi crystalline picture of the liquid state following the solid state treatment of the 
diffusion process. It is then shown how the deviations from the Arrhenius equation are 
accounted for by a direct interchange mechanism of nearest neighbours, due to a ring 
movement of two atoms. 
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Studio sperimentale sull’attrito interno 
e sui parametri elastici nelle leghe Ag-Au. 


I. BARDUCCI 


Istituto Nazionale di Ultracustica «O. M. Corbino» - Roma 
Istituto Superiore delle Telecomunicazioni, Fondazione « U. Bordoni» - Roma 


L. VERDINI 


Istituto Nazionale di Ultracustica « O. M. Corbino» - Roma 


1. — Premessa. 


Lo studio delle relazioni fra parametri elastici e percentuale atomica dei 
due componenti, non sembra sia stato affrontato in modo organico e sistematico 
nel caso delle leghe binarie, come invece è avvenuto per le mescolanze di liquidi. 

È vero che, specialmente in questi ultimi anni, numerose ricerche sono state 
eseguite sulle leghe allo scopo di determinare la velocità di propagazione delle 
onde elastiche e l’attrito interno. Si deve però osservare che queste ricerche 
sono state quasi sempre limitate o a particolari intervalli di concentrazione, 
o a leghe di immediato interesse tecnico [1]. 

Giova però osservare che i sistemi binari finora esaminati presentano gene- 
ralmente un diagramma di stato troppo complicato per consentire una facile 
e chiara interpretazione dei risultati sperimentali. Si è pertanto ritenuto utile 
iniziare lo studio sperimentale di alcuni dei sistemi binari che possiedono un 
diagramma di stato particolarmente semplice, quali ad esempio quelli che pre- 
sentano una completa miscibilità allo stato solido. 

Il sistema Ag-Au appartiene a questo tipo e la miscibilità dei due metalli 
è completa a tutte le temperature e per qualunque composizione, con formazione 
di un’unica fase cubica a facce centrate. È inoltre particolarmente interessante 
osservare [2] come le due curve solidus e liquidus del diagramma di stato risul- 
tino particolarmente ravvicinate e prossime all’andamento rettilineo, contra- 
riamente a quanto avviene negli altri sistemi a miscibilità completa. Questi 
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fatti sono senza dubbio legati alla grande analogia che sussiste fra le principali 
proprietà fisiche dei due metalli puri. 

Le nostre misure sono state eseguite su sei gruppi di tre sbarrette ciascuno, 
aventi le composizioni indicate nella Tabella I. 


TABELLA I. 


Composizioni 


Gruppo = patos a = 

Peso % di Au | Atomi % di Au | 

I 0.00 0.00 | 

II 19.95 11.98 | 

eel 40.10 26.99 

EY 60.00 45.10 

V 79.95 68.52 

VI 100.00 100.00 


Al fine di poter disporre di campioni il più possibile omogenei e privi di di- 
fetti interni, sono state adoperate sbarrette di dimensioni assai ridotte, e preci- 
samente; 

t= 40 mm ; o— oO mm hK—=02mm , 


pari ad un volume di 48 mm’. 

La preparazione di siffatti campioni, che richiedeva una adeguata attrezza- 
tura ed esperienza, è stata affidata al Laboratorio Ricerche della « Metalli 
Preziosi S.p.A.» di Milano, il quale ha inoltre provveduto ad un accurato 
esame chimico e metallografico dei campioni stessi. 

I prodotti della fusione sono stati lavorati a freddo mediante un processo 
di laminazione che ha comportato una notevole riduzione di area, sensibil- 
mente uguale per tutte le composizioni; lo spessore delle lamine così otte- 
nute è di (0.200 + 0.0001) mm. Si è infine avuta cura di ricavare tutte le sbar- 
rette con la dimensione maggiore parallela alla direzione di laminazione. Il pro- 
cesso di laminazione comporta un forte incrudimento del materiale ed è noto 
che ciò influenza notevolmente l’attrito interno, ed anche le costanti elastiche, 


seppure in misura più limitata. 

A questo proposito conviene ricordare che, nel caso dei solidi, i risultati 
di misure come le nostre non possono essere sintetizzati in un’unica curva, 
la quale rappresenti in modo univoco la dipendenza del parametro in esame 
dalla composizione, fissati che siano la frequenza ed i comuni parametri di stato 
ed in particolare la temperatura, come invece avviene nel caso dei liquidi. 
Infatti è noto che nei solidi occorre tener conto di un ulteriore parametro e cioè 
della storia dei vari trattamenti termici, meccanici ecc. cui il materiale è stato 


sottoposto. 
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Pertanto, nel caso particolare delle leghe binarie, la curva parametro ela- 
stico-concentrazione che unisce i valori relativi ai due componenti puri viene 
ad essere sostituita da una striscia la cui ampiezza può dipendere dal parametro 
considerato e variare con la composizione. Evidentemente questa striscia ap- 
pare tanto meno ampia quanto meglio è definita la storia dei campioni in esame, 
cioè quanto più è possibile disporre di campioni simili, non solo per composi- 
zione, temperatura, dimensioni ecc, ma anche per i trattamenti cui essi sono 
stati assoggettati, ad esempio, durante la loro preparazione. 


2. Metodo di misura. 


La misura della velocità di propagazione delle onde estensionali, ¢ = (E/o)*, 
e dell’attrito interno, è stata fatta servendosi di un metodo dinamico a vibra- 
zioni flessionali già descritto altrove e più volte adoperato in analoghe ricerche [3]. 

Si è scelto questo particolare tipo di vibrazioni il quale, pur non consen- 
tendo nella misura di c la stessa precisione che può essere raggiunta con le vi- 
brazioni longitudinali, permette tuttavia di eseguire misure, sia di velocità, 
sia di attrito interno, con particolare semplicità anche su campioni, come i 
nostri, di dimensioni molto limitate e quindi più facilmente omogenei e privi 
di difetti interni. 

Come è noto, il valore di c è legato all’autofrequenza fondamentale f, delle 
vibrazioni flessionali di una sbarretta a sezione rettangolare libera agli estremi, 
dalla relazione. 

[2 
(ely) Ce Oto Fans 
h 
in cui % è lo spessore della sbarretta ed / è la sua lunghezza. 

La misura delle autofrequenze è stata eseguita mediante un vibrometro a 
modulazione di frequenza che consente di servirsi di un unico elettrodo, sia 
per eccitare elettrostaticamente la vibrazione, sia per rivelarne l'ampiezza. 

Come misura dell’attrito interno si è preso il valore del decremento loga- 
ritmico delle oscillazioni libere, calcolato in funzione del tempo di riverbera- 
zione ty della sbarretta, che viene facilmente misurato mediante registrazioni 
in scala logaritmica del decadimento dell’ampiezza di vibrazione in funzione 
del tempo. Il decremento 6, relativo all’autofrequenza f, è allora: 


Allo scopo di eliminare ogni causa esterna di dissipazione di energia elastica, 
tutte le misure sono state eseguite sotto vuoto ed è stata particolarmente cu- 
rata la sospensione delle sbarrette, in corrispondenza di due sezioni nodali. 
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Sui campioni adoperati in questa ricerca sono state inoltre eseguite mi- 
sure di densità o che hanno permesso di calcolare il modulo di Young con la 
relazione. 


(3) E oo. 


N 


3. — Risultati sperimentali. 


In primo luogo, come ulteriore controllo della omogeneità dei nostri cam- 
pioni, sono stati confrontati i valori sperimentali della densità con quelli che 
Si possono calcolare in funzione dei parametri caratteristici del reticolo cri- 
stallino delle varie leghe, mediante la relazione: 


(4) 05 dr. ; 
3 V-N, 
nella quale è: 
V = volume della cella elementare; 
n = numero di atomi della cella elementare; 


A = peso atomico medio della lega; 
N = numero di Avogadro. 
Nella fig. 1, la linea a tratti rappresenta, in funzione della parcentuale ato- 


mica di Au, i valori della densità così calcolati. Come si vede, i risultati spe- 


rimentali delle nostre misure 


| bassi della densità. Nella 4 
\ stessa figura sono riportati, 


4064 
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pendenza della costante reticolare dalla percentuale atomica di uno dei due 
componenti si discosta pochissimo (al massimo 1.5°/) dalla legge lineare di 
Vegard ed a questo fatto si deve indubbiamente l'andamento rettilineo del 
diagramma relativo alla densità. 

Nelle Tabelle II e ITI sono raccolti tutti i risultati sperimentali relativi 
alla velocità ed al decremento 6, misurato alla frequenza f, del modo fonda- 
mentale di vibrazione della sbarretta. Il valore di questa frequenza varia con 
la composizione della lega ed è all’incirca compresa fra 340 Hz per l’argento 
e 260 Hz per loro. 

Dalle suindicate tabelle risulta chiaramente quali sono stati i trattamenti 
termici successivamente applicati a ciascuna sbarretta. Per interpretare cor- 

rettamente i dati, con- 


2900 i 3 
i viene osservare che i trat- 
Ì a are tamenti eseguiti a tempe- 
\ o MATERIALE TRATTATO i me 
a 150°C per 25 ore rature superiori a 150 °C 
2700}— + 


si intendono applicati 
dopo ogni trattamento 
relativo alla temperatura 
inferiore. 


so) 


E Dalla Tabella II resta 
= in primo luogo confer- 
ym 

3 mata la previsione di una 
ù notevole dispersione nei 


valori della velocità ¢ re- 
lativi a campioni diversi, 
ma di uguale composi- 
zione, anche quando si è 
avuta la massima cura di 
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PERCENTUALE ATOMICA ORO assicurare, per quanto 

Fig. 2. — Striscia rappresentativa della velocità di pro- possibile, le. uniform 

pagazione delle onde elastiche estensionali, a tempera- dei trattamenti termici e 

tura ambiente, in funzione della composizione. meccanici durante la la- 
vorazione. 

Nella Fig. 2 è riportata, in funzione della composizione, la striscia rappre- 
sentativa delle misure di e. I punti che delimitano tale striscia si riferiscono 
alle sbarrette che presentano i valori che maggiormente si discostano fra loro. 

Queste sei coppie di sbarrette sono state successivamente trattate a 150 °C; 
in tre tempi diversi, per complessive 25 ore. I valori ottenuti per la velocita il 
alla fine di questo trattamento, sono anch'essi riportati nella fig. 2 e costitui: | 
scono la striscia disegnata a tratti. i 

La Fig. 3 permette di seguire l’effetto del trattamento termico sulla velo- | 
cita in due successivi stadi; i valori riportati nei tre diagrammi appartengono | 


È) 
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a una sola sbarretta per ogni lega, e precisamente si riferiscono alla serie di 
sei sbarrette trattate in seguito anche a temperature maggiori (vedasi Tabella IT). 


3000, 
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Fig. 3. — Velocita di propagazione a temperatura ambiente in funzione della composi- 
zione, al variare del trattamento termico. Le linee a tratti rappresentano, a titolo di 
confronto, l’'andamento lineare della velocità con la composizione. 


e punto relativo alla velocità di propagazione nella lega con 11.98 % atomi di Au 
dopo ricottura, per 22 ore, a 300 °C. 


La Fig. 4 rappresenta invece l’ampiezza della striscia rappresentativa del 
decremento d,; al variare della composizione, sia per il materiale incrudito, 
sia dopo due successivi stadi del trattamento termico a 150 °C. A causa della 
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notevole variazione di 6, con la composizione, 
si è ritenuto conveniente riportare solo l’am- 
piezza di detta striscia, cioè la differenza fra i 
due valori del decremento di ciascuna lega che 
maggiormente si discostano fra loro. 

È interessante notare come le stesse sbar- 
rette che presentano i maggiori scostamenti 
nei valori di c, presentano anche i massimi sco- 
stamenti nel decremento. 

I valori di ò, in funzione della 
zione, relativi alle stesse sbarrette di cui alla 
Fig. 3, sono invece rappresentati nella Fig. 5, 


composi- 


Fig. 4. — Ampiezza della striscia rappresentativa 

del decremento 6, in funzione della composizione, 

nel materiale incrudito e nel materiale trattato 
a 150°C. 


TABELLA IV. — Modulo di Young (in pN m-2) nelle leghe Ag-Au. 


F Materiale trattato | Materiale trattato 
Sbarretta ateria 
ig 4) Atomi % Au a a, 150100 successivamente 
i | i per 25 ore | a 300 °C per 22 ore 
Il 0.00 73.09 83.26 85.09 
2 TOSTI _ 
3 59.06 64.33 — 
4 11.98 69.65 71.50 Uiteeeu 
5 60.50 64.15 è 
6 66.40 ae — 
7 26.99 83.68 85.18 87.75 
8 76.74 97.19 == 
9 82.96 — — 
10 45.10 80.65 82.20 = 
toi 85.46 a= = 
12 86.70 87.20 87.27 
IS 68.52 79.95 — : — 
ii 68.41 69.95 — 
5 79.75 79.75 80.32 
100.00 MOST Te 9 2, 80.98 
7 83.91 85.75 = 
18 72.54 — 
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mentre la Fig. 6 si riferisce al decremento 6, relativo all’autofrequenza f, 
del secondo modo superiore di vibrazione flessionale delle sbarrette. Questa 


10 


LEGHE ARGENTO-ORO 


SBARRETTE DI DIMENSIONI 
(40x6x0.2)mmì 


MATERIALE 
INCRUDITO 


ò RELATIVO ALLA FREQUENZA fo 


DOPO 


TRATTAMENTO 
a 150°C 


PER \00re 


DOPO 
TRATTAMENTO 
a150°C 
PER 25 ore 


0 20 40 60 80 100 
Ag PERCENTUALE ATOMICA ORO Au 
Fig. 5. — Decremento logaritmico dò, delle oscillazioni libere a temperatura ambiente, 


in funzione della composizione, nel materiale incrudito e nel materiale trattato a 150 °C. 
Le linee a tratti rappresentano l’andamento lineare del decremento con la composizione. 


| frequenza, che varia anch’essa con la composizione, è all’incirea compresa 
fra 1840 Hz per l’argento e 1400 Hz per l’oro. 

La Fig. 7 presenta i risultati delle due figure precedenti sotto un aspetto di- 

| verso. In ciascun diagramma si vede come sono variati ò, e è, in funzione della 
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durata del trattamento termico a 150 °C per ognuna delle sei composizioni 


considerate. 
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INCRUDITO 
ca 
ag 
> 
È DOPO 
3 TRATTAMENTO 
È a 150°C 
w PER 10 ore 
N 
SN 
~~ 
“SE 
‘DÌ 
SS 
= 
= | 
LS | 
uu | 
Q | 
2 | | 
o | 
8 -10° | sl 
| 
DOPO 
TRATTAMENTO 
a 150°C 
PER 25 ore 
2L ul: 
0 20 40 60 80 100 
Ag PERCENTUALE ATOMICA ORO Au 


Fig. 6. - Decremento logaritmico 6, delle oscillazioni libere relativo all’autofrequenza fag 


La Tabella IV riassume infine i risultati sperimentali relativi al modulo 
di Young #, dopo alcuni dei principali trattamenti termici. Nella Fig. 8 è ripor- 
tata la striscia rappresentativa dei valori di EZ, in funzione della composizione, 
prima e dopo il trattamento termico a 150 °C; i punti che la delimitano si rife- 
riscono alle stesse coppie di sbarrette considerate nella Fig. 2. 
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Fig. 7. — Valore dei decrementi 6, e 6, per ciascuna composizione, al variare della durata 
del trattamento termico a 150 °C. 


Fig. 8. — Striscia rappresen- 
tativa del modulo di Young, 


BARR oy a8” in funzione della composi- 
BRADFIELD e PURSEY zione, nelle leghe Ag-Au. 
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Av Jativi ai due metalli puri, 
riportati ai due lati del dia- 


gramma, sono tratti da: L. BERGMANN [5], INTERNATIONAL CRITICAL TABLES LOG 
C. KayE e T. H. LaBy [7], P. G. BorponI [8], G. BRADFIELD e H. PursEy [9], L. 
GuILLeT [10], W. Koster [11]. 
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4. — Discussione dei risultati sperimentali. 


Una prima osservazione che si può fare dall’esame della Fig. 2 e della Fig. 3, 
è che l'ampiezza delle striscie rappresentative della velocità di propagazione 
e del modulo di Young tende ad essere minore per le composizioni intermedie, 
mentre aumenta man mano che le leghe si arricchiscono in uno dei due compo- 
nenti, ed in modo particolare per Vargento. 

Questo fatto risulta ancora più accentuato dopo un conveniente tratta- 
mento termico, che appare responsabile di una netta diminuizione dell’ampiezza 
della striscia per le sole composizioni intermedie, accompagnata da un semplice 
spostamento verso i valori più alti di c e di # per le altre composizioni. 

Da ciò sembra di poter dedurre che l’effetto dell’incrudimento, a parità 
di processo di preparazione e di riduzione di area, è minimo per le composizioni 
intermedie ed è massimo per l’argento e le leghe ricche di argento. 

Le stesse osservazioni risultano particolarmente evidenti dall’esame delle 
Fig. 4, 5 e 6, le quali mostrano come nell’argento puro tanto la dispersione dei 
valori del decremento 6,, quanto i valori di ò, e di 6,, siano particolarmente 
elevati nel materiale incrudito mentre dopo il trattamento termico assumono 
valori paragonabili a quelli che si hanno per le altre composizioni. 

Dalle Tabelle II e IIT si può inoltre osservare come la velocità tende a rag- 
giungere un valore massimo dopo un conveniente trattamento termico, più 
o meno spinto per le differenti composizioni, mentre corrispondentemente il 
decremento tende a divenire minimo. In particolare, per le leghe ricche in ar- 
gento le variazioni di e sono notevolmente più sensibili, ed il massimo è stato 
ottenuto dopo il trattamento alle temperature più elevate. Raggiunto questo 
massimo valore di e, le ulteriori ricotture sembrano causare solamente delle 
piccole variazioni di c e di 6. 

Sembra pertanto che questo effetto sia da attribuirsi al processo di ricri- 
stallizzazione, il quale ha probabilmente luogo quando la velocità raggiunge 
il suo massimo valore. Secondo questa interpretazione, la temperatura di ricri- 
stallizzazione dell’argento verrebbe a trovarsi fra 175 °C e 220 °C, in ottimo 
accordo con i dati della letteratura [12], mentre per la lega con 12% di atomi 
di Au la stessa temperatura salirebbe a 300 °C circa. Con l'aumentare delle 
percentuali di Au, la ricristallizzazione si avrebbe ad una temperatura via via 
più bassa. 

Sebbene non sia possibile, senza un'indagine sperimentale più completa, 
separare sistematicamente i contributi della varie cause cui è dovuta la dissi- 
pazione interna di energia elastica, aleune indicazioni possono essere dedotte 
anche da questi primi dati disponibili. 

Per quello che riguarda quella parte di dissipazione interna dovuta all’in- 
crudimento che può essere eliminata in seguito ad un conveniente trattamento 


io 
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termico, basta qui aggiungere a quanto è già stato detto, che il confronto fra 
la Fig. 5 e la Fig. 6 indica, nel campo di frequenze esplorato, una diminuzione 
di tale dissipazione al crescere della frequenza. 

Un altro effetto il cui contributo può invece essere valutato con il calcolo, 
almeno per i due metalli puri, è quello termoelastico. Per l’effetto termoelastico 
macroscopico proprio delle vibrazioni flessionali, si trova così [13] che, se lo 
smorzamento fosse dovuto esclusivamente a tale effetto, il valore di 6, per Var- 
gento e per l’oro sarebbe rispettivamente 5.5-10-4 e 3.0-10-*, mentre i corri- 
spondenti valori di 6, sarebbero 2.75-10-* e 1.5-10-?. L’effetto in questione 
contribuisce pertanto al valore di 6,, dopo il trattamento termico a 150 °C, 
per circa } nell’argento e per circa } nell’oro; invece i contributi al decre- 
mento 6, sono pari, per entrambi i metalli puri, alla metà circa dei valori spe- 
rimentali. 

I contributi dell’effetto termoelastico microscopico, caratteristico di ogni 
aggregato metallico policristallino, qualunque sia il tipo della vibrazione, può 
invece essere valutato solo con una approssimazione notevolmente minore, 
poichè esso dipende, fra l’altro, dalla dimensione dei grani cristallini. Per l’ar- 
gento e per l’oro il valore massimo di tale contributo non può superare la quarta 
parte circa del massimo smorzamento dovuto all’effetto termoelastico macro- 
scopico. Pertanto è chiaro che i due effetti termoelastici non sono sufficienti, 
nel nostro caso, a spiegare i risultati delle misure di decremento sul materiale 
ricotto ed appare quindi probabile che una parte importante dello smorza- 
mento sia dovuta alla presenza di difetti all’interno ed al bordo dei grani. 

Circa la dipendenza della velocità e del modulo di Young dalla percentuale 
atomica di uno dei componenti, conviene osservare che i valori del modulo 
sono sensibilmente eguali per l’oro e per l'argento. Dato che la costante reti- 
colare nelle leghe Ag-Au varia assai poco e con legge sensibilmente lineare, 
si potrebbe pensare che il modulo di Young dovesse risultare pressochè indi- 
pendente dalla composizione, cosa che comporterebbe una variazione quasi 
lineare della velocità. 

La Fig. 2 mostra entro quali limiti si possa parlare di dipendenza lineare di 
e dalla composizione. La Fig. 3 chiarisce tuttavia come lo scostamento dalla 
legge lineare sia molto minore nel materiale ricotto, cosicchè non sembra im- 
probabile che anche il comportamento anomalo della lega ricca in oro (12% 
atomi di Au) sia in buona parte da attribuire ad un residuo effetto di ineru- 
dimento. 

Ci sembra infine non privo di interesse rilevare che i valori del modulo # 
relativi ai due metalli puri, dati da diversi Autori e riportati a titolo di con- 
fronto nella Fig. 8, si discostano talora notevolmente fra loro, ma restano tut- 
tavia compresi entro l'intervallo rappresentativo delle nostre misure eseguite 
sui due metalli puri dopo il trattamento termico a 150 °C. 
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Gli Autori desiderano esprimere la loro gratitudine alla Società Metalli 
Preziosi di Milano, ed in particolare all’ing. G. FRACCARI, che, per cortese 
interessamento del prof. R. DuPUIS, ha provveduto con speciale cura e compe- 
tenza alla preparazione dei campioni. 
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Istituto Nazionale di Fisica Nucleare - Sezione di Milano 


[Il testo completo di questo lavoro non essendo pervenuto alla Reda- 
zione, pubblichiamo il riassunto dato a Pisa dagli Autori. N. dl 


Riassunto. — Fumi e PaRR [1] hanno elaborato un metodo che consente di cal- 
colare molto semplicemente i livelli elettronici di molecole biatomiche e lo hanno 
applicato con successo alla molecola di ossigeno in approssimazione x. Unici parametri 
empirici del metodo sono gli integrali di « core » molecolari: nell’O, in approssima- 
zione x si hanno due integrali di «core », quello coulombiano « e quello di scambio |, 
ma solo quest’ultimo interviene nelle energie di eccitazione elettronica ed esso costi- 
tuisce perciò l’unico parametro empirico nei calcoli di Fumi e Parr. 

Il successo di questi calcoli incoraggia l’applicazione del metodo di Fumi e Parr [1] 
ed altre molecole biatomiche. Nell’iniziare queste ricerche il prof. FUMI ci ha suggerito 
di esaminare la precisione con cui è possibile calcolare semplicemente gli integrali di 
«core» per decidere se si possa evitare di considerarli come parametri empirici. 

Abbiamo perciò calcolato l’integrale di « core » B per gli elettroni 2pz dell'O, per 
confrontarlo con i valori dedotti empiricamente [1]. Il metodo di calcolo adottato è 
del tipo Goeppert Mayer-Sklar [2]. L'ipotesi fondamentale di questo tipo di calcoli 
nel caso di una molecola biatomica consiste nello scrivere Vhamiltoniana di «core» FÉ, 
come somma di un operatore 7 di energia cinetica e di due operatori U, e U, di energia 
potenziale relativi ai due atomi della molecola. Ogni operatore U si scinde a sua volta 
in una parte di energia coulombiana ed in una di energia di scambio. Nella energia cou- 
lombiana si suppone di solito che i due elettroni 1s siano conglobati nel nucleo. Nella 
energia di scambio si suole trascurare lo scambio fra elettroni sull’atomo a ed elettroni 
sull’atomo b, ma noi abbiamo evitato questa approssimazione seguendo MorrittT [3]. 
Le espressioni finali per i due integrali di « core » 


a = | mq(1)F€.74(1) dv , 


B= | m(1)F.m,(1) dv, 
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sono rispettivamente (la notazione per gli integrali è quella standard) 


o Wes 7 Oe 2(Sq8q | Ty Ty) ate (04Ta | tnt) sn (8,7, | Sat) sr }(0,% | Oo It) “oF 
— (aa|aa) — (aa|aya;) + }(aa,|aa,) , 
p ae S We 6J an 2(82Sa |Ita9t5) "n (02% | Tq Ip) ai (Sua | Sarto) “E +(07%Ta | Ca%) ui 


— (aa|ab) — (aa|a,b,) + 4$(aa,|abs) , 


dove W, è il potenziale di ionizzazione di un elettrone 2p nello stato atomico di rife- 

rimento adottato. In effetti W, non interviene nei calcoli perchè la grandezza che oc- 

corre considerare è [4] i 
B=B— Sa. 


I valori numerici degli integrali atomici necessari sono stati presi dalle tavole di 
Kotani [5]. 

L’accordo tra i vabori calcolati per 8 e i valori empirici di Fumi e Parr è abba- 
stanza soddisfacente. 
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[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 2, 495 (1955). Qui riportiamo solo il riassunto. N. d. R.]. 


Riassunto. — Col metodo degli impulsi si è misurato il coefficiente di assorbimento 
di ultrasuoni, di frequenza compresa tra 9 e 33 MHz, in fenolo fuso, anilina, cicloesano, 
nelle miscele fenolo-acqua e anilina-cicloesano a diverse concentrazioni dei componenti 
e per temperature al di sopra di quella critica di solubilità, come pure l'assorbimento 
in queste miscele nelle condizioni critiche. Nel fenolo e nell’anilina l'assorbimento dimi- 
nuisce al crescere della temperatura, così come avviene per il loro assorbimento di 
viscosità, per cui l'eccesso di assorbimento rispetto al valore classico deve essere di 
| origine strutturale; nel cicloesano l'assorbimento aumenta col crescere della tempe- 
| ratura. Le miscele presentano un massimo di assorbimento per quelle concentrazioni, 
alle quali la curva di solubilità corrispondente ha una regione piatta; tale massimo 
diminuisce col crescere della temperatura e non dipende in modo quadratico dalla fre- 
quenza ultrasonora. Al punto critico si ha un assorbimento notevole, che viene inter- 
pretato come dovuto a processi di rilassamento con frequenze diverse; nel caso della 
miscela anilina-cicloesano si mostra che le frequenze di rilassamento cadono nel campo 


i di frequenza da noi esplorato. 
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Influenza del campo magnetico trasversale 
sulla tensione d’innesco della scarica in un gas in alta frequenza. 


L. FERRETTI e P. VERONESI 


Istituto di Fisica dell’ Università - Bologna 


[Il testo completo di questo lavoro è stato già pubblicato nel Nuovo 
Cimento, 2, 638 (1955). Qui riportiamo solo il riassunto. N. d. R.]. 


Riassunto. — Nel presente lavoro si riferiscono i risultati di alcune misure con- 
dotte in alta frequenza, per studiare l'influenza di un campo magnetico trasversale sulla 
tensione di innesco della scarica in un gas. Tali misure sono state eseguite per l’aria, 
alle pressioni di 0.1, 0.5, 1.0 mm Hg e con frequenze di 10, 15, 20, 25, 30 MHz. Il campo 
magnetico è stato fatto variare da 0 a 650 G ed il tubo da scarica usato era ad elet- 
trodi cilindrici. I risultati mostrano una forte influenza del campo magnetico sulla 
tensione d’innesco della scarica; essi vengono discussi e confrontati con quelli ottenuti 
da S. C. BRown et al. e da J. S. TowNSEND et al. che sono i soli che si trovano nella 
letteratura. 
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Velocità degli ultrasuoni 
e compressibilità di soluzioni di ioduro di cesio, 
nella regione della loro viscosità negativa. 


M. BUONSANTO 


Istituto di Fisica Sperimentale della Facoltà di Medicina dell Università - Bari 


1. — Introduzione. 


| 

| 

| La compressibilita di soluzioni acquose di elettroliti è stata accuratamente 
i studiata da numerosi autori, sia sulla scorta di dati inerenti alla velocità di 
| propagazione degli ultrasuoni, che con misure piezometriche. 

| Attraverso le ricerche di DEBYE [1], GUCKER [2], FALKENHAGEN e BA- 
| cHEM [3], SzAuay [4], PASSsINSKy [5], GIBSON [6], FREJER [7], GIACOMINI e 
| PESCE [8], Corry [9] ed altri, si è giunti essenzialmente alle seguenti con- 


clusioni. 


1) La compressibilità degli elettroliti forti decresce al crescere della con- 
centrazione, e la variazione in funzione della concentrazione è quasi lineare. 


2) La compressibilità molecolare apparente è funzione lineare della ra- 
dice quadrata della concentrazione per volume. 


3) L’abbassamento della compressibilità del solvente, provocata, secondo 
le vedute di DEBYE, dalla pressione elettrostatica connessa al forte campo 
elettrico degli ioni, è proporzionale alla concentrazione e alla carica ionica. 
' L'influenza della carica ionica è sottoposta alla legge della potenza ad espo- 
nente 1.5 [1], o di una potenza ad esponente variabile fra 1 e 2 [4]. 


deme —_ Re ed SC _—__- 


4) Poiché ioni di ugual carica danno all’incirca uguale abbassamento 
‘ relativo della compressibilità adiabatica (ad eccezione del cloruro di litio e del 
cloruro di berillio, caratterizzati da un comportamento completamente ano- 
‘ malo), si è portati a ritenere che l’effetto dipenda principalmente dalla carica 


‘ionica. 
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L'influenza delle proprietà specifiche dello ione e, in particolare, del suo rag- 
gio, prevista da alcuni autori e riscontrata sperimentalmente da FREYER [7] 
e GIACOMINI e PESCE [8] non è stata ancora sufficientemente chiarita. Una 
questione che, nei riguardi della compressibilità, non è stata ancora presa in 
esame, è la proprietà che hanno alcuni elettroliti di abbassare la viscosità del- 
l’acqua. Tale effetto che Cox e WoLFENDEN [10] attribuiscono alle forze elet- 
trostrittive degli ioni nella soluzione, in analogia con l'abbassamento di visco- 
sità dell’acqua sotto alte pressioni, meriterebbe particolare considerazione per- 
chè, ove lo studio della compressibilità delle soluzioni elettrolitiche fosse esteso 
alla regione della loro viscosità negativa, nuovi contributi esso apporterebbe 
alla questione, tuttora insoluta, dell’influenza delle proprietà specifiche degli 
ioni sull’abbassamento relativo della compressibilità adiabatica. 

Questa considerazione mi ha suggerito l'opportunità di effettuare misure 
di velocità di propagazione degli ultrasuoni e di compressibilità adiabatica 
in alcune soluzioni acquose di ioduro di cesio a concentrazioni in cui esse pre- 
sentano un notevole abbassamento della viscosità del solvente. 

È stato scelto lo ioduro di cesio perchè, come risulta dai dati sperimentali 
di G. Jones e H. J. FORNWALT [11], lo ione cesio supera tutti gli altri cationi 
e lo ione iodio tutti gli altri anioni, nella loro tendenza a provocare l’abbassa- 
mento della viscosità dell’acqua. 

Le misure sono state eseguite alla temperatura di 0 °C, perchè la viscosità 
delle soluzioni di ioduro di cesio si discosta dai valori relativi all'acqua pura, 
tanto più quanto più bassa è la temperatura. 


2. — Parte sperimentale. 


Lo ioduro di cesio è stato preparato per doppio scambio da ioduro di bario 
e solfato di cesio (prodotti Merck) (*). 

Dopo filtrazione e liberazione dal solfato di bario, lo ioduro di cesio è stato 
cristallizzato due volte. L’analisi spettrale ha dimostrato assenza di impurità. 

La composizione delle soluzioni è stata definita a meno del 0.1 °/,). La den- 
sità delle soluzioni è stata determinata con la bilancia di Mohr-Westphal, con 
una precisione superiore all’1 °/o 

Il viscosimetro usato per le misure di viscosità è di tipo Ostwald, con ca- 
pillare lungo 60 mm, del diametro di 0.25 mm e con bolla del volume di 5 cm3. 
Il viscosimetro è stato tarato con acqua da conducibilità e tenuto, durante 
tutte le determinazioni, in termostato a ghiaccio regolato a 0 °C e fornito di 


(*) Ringrazio vivamente il prof. SterrRIDO Bruno dell'Istituto di Chimica Farma- 
ceutica di questa Università, per aver gentilmente eseguita la preparazione del sale. 
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termometro graduato a 0.02 °C. Il grado di precisione raggiunto nelle misure 
di viscosità supera 1’1 °/po. 

Il metodo per le misure di velocità consiste nel classico dispositivo speri- 
mentale di Hiedemann e Bachem [12]. 

La frequenza adoperata in tutte le misure è di 3 MHz con errore assoluto 
five Ot kHz. 

La temperatura del liquido nella vaschetta veniva tenuta costante al va- 
lore stabilito, facendo circolare l’acqua del termostato a ghiaccio a (04 0.1) °C. 
Allo scopo di evitare un sensibile riscaldamento del liquido, ho utilizzato solo 
una piccola parte della potenza fornita al quarzo, cioè circa 0.3 W, in tal modo 
è stato possibile effettuare le misure nell’intervallo di tempo in cui il termo- 


metro, immerso nella vaschetta, dava indicazioni discoste da 0° non più di un 
decimo di grado, a circolazione termostatica sospesa. 

La precisione relativa delle misure di velocità, tenuto conto della entità 
delle varie cause di errore, si può ritenere dell’ordine di + 2 °/,,. Le compressi- 
bilità adiabatiche sono state calcolate in base ai valori delle velocità e delle 
densità delle varie soluzioni, con una precisione che si può ritenere dell’ordine 
OA 
| I risultati sperimentali si rilevano dalla Tabella I e dai grafici delle 
Mio. 1 e 2. 


TABELLA I. 


Dati relativi a soluzioni di CsI in acqua alla temperatura di 0.00 °C. 


| oli v B- 1012 


%o Us | VC, | (g/em’) Ure (m/s) ‘(cm?/dine) D(k) 
12.864 0.5512 0.742 | 1.1129 | 0.88668 1385.0 46.84 | 38.99 
MSS HATI 0.6736 OSZO mI Tks TS | 0.86618 1380,0 46.15 36.98 


16.996 0.7554 0.869 | 1.1544 0.85345 | 1376.8 45.70 35.84 
18.689 0.84355 | 0/918.) T3238 0.84042 | 1373.5 45.21 | 34.93 
20.360 0.9332 0.966 se 1055) 0.82716 1370.2 | 44.74 | 33.82 
21.566 0.9997 0.999 | 1.2040 05817938 30S 44.39 | 33.15 


25.045 1.2001 | 1.095 | 1.2446 | 0.78610 | 1360.9 | 43.88 | 31.20 
95.961- | 1.2551 | 1.120 | 1.2557 | 0.77981 | 1859.1 | 43.11 | 30.69 
26.747 1.3031 | 1.141 | 1.2654 | 0.77432 | 1357.6 | 42.87 | 30.38 


28.476 Wala ss) Wetse 1.2872 0.76195 1354.2 42.36 | 29.41 


Nella Tabella sono riportati: il percento del soluto, la concentrazione per 
‘volume 0,; la radice quadrata della concentrazione per volume, la densità 
o, la viscosità relativa 7, la velocità v degli ultrasuoni in m/s, la compressi- 
bilità adiabatica 8 in unità C.G.S, la compressibilità molecolare apparente D(k), 
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calcolata in base alla nota formula 


10008 ae M\ Bo 
oi on Hatin 


D(k) 


dove fy e d, sono, rispettivamente, la compressibilità adiabatica e la densità 
dell’acqua e M è il peso molecolare, 259.742, del soluto. 


1520 
Compress ibilito’ 


N --- 


5] 


PRC | ie ell ee Vis cosita’ 


ta Ne a "i 


N 
14904100 \\ 
\ 


49 


(o) 0.2 0.4 0.6 0.8 1.Cy —» 1,2 14 


Fig. 1. — Velocità di propagazione degli ultrasuoni, compressibilità adiabatica e visco- 
sità relativa delle soluzioni di CsI, in funzione della concentrazione per volume. 


—— Velocità; ——- Compressibilita; —.—.— Viscosità.*' 


Sono state adoperate per l’ac- 
qua le seguenti costanti: 


dî = 0.9998 g/cm?, 


v, = 1407.0 m/s, 


Ba. = 50.52-10-12 cm?2/dine . 


0 0.2 0.4 0.6 0.8 1 1.2 
vc, — ? È 
Fig. 2. — Compressibilità molecolare apparente I grafici della fig. 1 illustrano 


delle soluzioni di CsI, in funzione della radice l'andamento della velocità, della 
quadrata della concentrazione per volume. compressibilita adiabatica e della | 
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viscosità relativa delle varie soluzioni, in funzione della concentrazione per vo- 
lume del sale disciolto. 

Il grafico della Fig. 2 mostra l'andamento della compressibilità molecolare 
apparente, in funzione della radice quadrata della concentrazione per volume. 


3. — Esame dei risultati sperimentali e conclusioni. 


La viscosità relativa segue lo stesso andamento riscontrato da G. JONES 
e H. J. FORNWALT [11] nelle soluzioni di ioduro di cesio, in funzione della 
concentrazione e alla temperatura di 0 °C. 

La velocità di propagazione decresce al crescere della concentrazione abba- 
stanza rapidamente (Fig. 1), variando, in funzione di questo parametro, quasi 
linearmente. 

L'andamento della curva della velocità è influenzata dal rapporto della 
variazione relativa della compressibilità e di quella della densità, in funzione 
della concentrazione. Poichè la variazione relativa della densità predomina 
sulla variazione relativa della compressibilità, la velocità deve decrescere. 

Dalla fig. 1 si rileva che la compressibilità adiabatica varia linearmente 
con la concentrazione. L’abbassamento della compressibilità è proporzionale 
alla concentrazione e alla carica ionica, come richiede qualitativamente la rela- 
zione di Debye, a cui innanzi si è accennato. 

Particolare rilievo merita la constatazione che l'abbassamento relativo 
della compressibilità adiabatica provocato dagli ioni cesio e iodio, è molto 
più elevato di quello che, in generale, producono gli ioni monovalenti in solu- 
zione, secondo quanto riferiscono FREYER [7], Gipson [6], Corry [9], 
PASsInsKyY [5], ed altri autori. In ciò è evidente Vinfluenza delle proprietà 
specifiche degli ioni sull’abbassamento della compressibilità adiabatica, con- 
trariamente alle esigenze della teoria di Debye. 

È da osservare, inoltre, che l'abbassamento della compressibilità provocato 
dallo ioduro di cesio è più elevato di quello dovuto allo ioduro di sodio e allo 
ioduro di potassio (secondo i dati sperimentali di FREYER), contrariamente a 
quanto il maggior raggio ionico farebbe aspettare. 

Una spiegazione di questa anomalia, se tale deve essere considerata, po- 
trebbe risiedere nella proprietà dello ione di cesiodi abbassare più di ogni 
altro catione la viscosità dell’aequa, cioè di produrre un effetto di elettrostri- 
zione maggiore di quello provocato dagli altri cationi. 

La compressibilità molecolare apparente, come risulta dalla Fig. 2, segue la 
legge di linearità con la radice quadrata della concentrazione, come richiesto 


dalla relazione di Gucker [2]. 
È ovvio che in base ai soli dati riferiti in questa nota non è possibile mettere 


in rilievo questioni che necessitano di materiale sperimentale più vasto, tanto 
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più che anche il confronto quantitativo di questi dati con quelli degli autori 
citati riesce assai difficile, avendo i vari ricercatori sperimentato a temperature 
assai discoste da 0 °C ed avendo limitato le esperienze alla regione positiva 
della viscosità delle soluzioni elettrolitiche da loro prese in esame. 

Perciò una più estesa discussione sarà possibile soltanto quando si disporrà 
di altro materiale sperimentale. 
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SUPPLEMENTO AL VOLUME IV, SERIE X N. 2, L956 
DEL NUOVO CIMENTO 2° Semestre 


Considerazioni critiche sulle esperienze 
che comportano l’uso di onde ultrasonore stazionarie nei liquidi. 


I. GABRIELLI, G. IERNETTI 


Istituto di Fisica dell’ Università - Trieste 


Nello svolgere ricerche di carattere sperimentale sulle azioni chimiche e 
chimico-fisiche degli ultrasuoni, vari Autori hanno ottenuto risultati diversi 


| secondochè le onde usate erano progressive o stazionarie. 


Ci siamo pertanto proposti di accertare, mediante una serie di misure, quali 


i siano le variazioni della densità di energia del campo sonoro, allorchè si passa 
ida un regime di onde puramente progressive a quello che si ha provocando la 


formazione di onde stazionarie per mezzo di un comune riflettore, senza alte- 


‘rare le condizioni di alimentazione del trasduttore. 


A ciò siamo stati indotti dall’aver constatato preliminarmente che Vanzi- 


‘detta variazione della densità di energia è, nelle condizioni in cui si sperimenta 
A . . . . . ‘ 
jusualmente, assai maggiore di quanto comunemente si crede e inoltre che la 
iquestione è ignorata anche in casi ove sarebbe stato essenziale tenerne conto. 


Per maggior chiarezza premettiamo alla descrizione della disposizione 


sperimentale usata alcuni richiami sulla tensione di radiazione. 


Se un fascio di onde progressive di densità di energia media £, incide con 


jun angolo # su una superficie assorbente piana, questa è soggetta [1] ad una 
tensione di radiazione normale ad essa 


p = E, cos? 0. 


(In questa formula, come nelle successive, della densita di energia si con- 


isidera la media rispetto al tempo ed allo spazio). 


Se la superficie è perfettamente riflettente, la tensione diventa (Fig. 1a) 


(1) p = 2H, cos? , 
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dove E, indica sempre la densità di energia del solo fascio incidente; 2E ri- 
sulta proprio la densità media di energia totale nelle immediate vicinanze del 
riflettore r, dove i due fasci, Vin- 
cidente ed il riflesso, sì sovrap- 
pongono. La formula 
cos? ? H = a 

vale tanto per una superficie assor- 
bente quanto per una riflettente, se 
con H si indica la densità di energia 
media totale in vicinanza della 
superficie. 

Considerando il caso di una su- 
perficie riflettente, se 9 diventa 
uguale a zero, il fascio viene ri- 
mandato sul trasduttore Y e si 
possono formare onde stazionarie 
con notevole variazione di densità 
media di energia (Fig.1c). Indi- 
cando con E,,, la densità media di 
energia del campo ultrasonoro sta- 
zionario, la tensione di radiazione 


Q 
: [2, 3] é allora 
Pstaz = Praz = E staz 
3 E star > i) = Ee 
(aree + So) 
staz Ataz® 90 3-0 e non 
pi 2K, ’ 


© come si otterrebbe ponendo, nel — 
x 5 i3 a è Ta A < f È a 0 = ) . 

Fig. 1. — Tensione di radiazione e densita di Stio cao 0) ion fea 

energia al diminuire dell’angolo @ tra il trasdut - presente la inevitabile reazione 


tore (Q) ed il riflettore (r). del fascio riflesso sul trasdut- 
tore (Hig. Lb eke) 7%). 
Premesso quanto sopra, descriviamo il dispositivo sperimentale, che ci ha 


permesso di misurare il rapporto delle densità di energia #,,,/E,, tramite le , 


corrispondenti tensioni di radiazione. 
Un trasduttore viene fatto irradiare onde progressive in un liquido e si 


(*) Per mantenere un’analogia formale con la relazione (1), si può serivere p= 
= 2H,,,/2. Cid corrisponde fisicamente a considerare il campo stazionario di densità 
di energia E,,, come formato da due fasci progressivi propagantisi in verso opposto, 
ed avente ciascuno una densità di energia 3W,,,. In tale rappresentazione si usa consi- 


derare come intensità J del campo di onde stazionarie la somma delle intensità dei 


due fasci progressivi: J= (2,,/2)-velocità di propagazione . 
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misura la forza F, cui esso è soggetto, in direzione opposta a quella di radia- 
zione (Fig. 1a). In un secondo tempo si introduce nel campo sonoro un riflet- 
tore, che provoca la formazione 


pi onde stazionarie, e si misura, E ZI n 
in queste nuove condizioni, la fs |+ 
. x . FE 

forza F_,, cui è soggettoil tras- “‘ i 
duttore (Fig. lc). oe 

I rapporto F/Fo è evi- + f=0.17 mN 

¥ x a « pe > aa ha 

dentemente eguale al rapporto o = 0.90 mN 
E.,,,/Ho, che si desidera ottenere ,) 1/4 i 

" ° = 10, mN 
(Fig. 1a, 1e.). 

Le misure di tensione di ra- dl 
diazione sono state eseguite me- \ | 
diante una bilancia di torsione 30- È si . 
con filo orizzontale, al cui braccio \ \ 
verticale è stato collegato il J 0 L PETROLIO + 
trasduttore, in modo da disporre | \ 
di nu fascio ultrasonoro oriz- 20 \ re 
zontale. SR 
: ERI + 

I trasduttori sono costituiti i VI SE 
da dischi di cristallo di quarzo, tO + 
ae a ea o = 
di 25 mm di diametro, montati = SIE 

(e) 
su un supporto leggero. Dalla <¢_, poi DÈ +— + 
. . . ene) 

parte in contatto col liquido un TI el Saas 
elettrodo ad anello di ottone tt e er. 
serve per il collegamento alla bi- Distanza (cn) 
lancia e riduce il diametro utile pig. 2. — Fy,,,/F, in funzione della distanza 
del fascio a 23 mm (area della trasduttore-riflettore. Propagazione in petrolio. 
sezione S, = 4.2 cm?). Dalla Frequenza 2 MHz. 


parte opposta un cuscinetto di 
aria, realizzato con anello e disco di plastica, impedisce la radiazione. Il ri- 
flettore è formato da due lastrine di vetro di 5 cmx5 cem separate da uno 


strato d’aria. 

I valori F,,,, sono stati misurati registrando la massima forza sostenuza 
dal campo ultrasonoro stazionario per una data distanza quarzo-riflettore. 
Quest'ultima distanza può essere peraltro assegnata solamente a meno di mezza 
lunghezza d’onda. Essa si stabilisce automaticamente quando la bilancia è 


caricata con una forza inferiore a quella massima sostenibile dal campo (*). 


(*) Infatti per una data forza F< F,,,, applicata al trasduttore esistono, per ogni 
lunghezza d'onda della colonna liquida, quattro posizioni di equilibrio, due delle quali 
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Raggiunta tale condizione di risonanza, il carico viene aumentato gradual- 
mente mediante la torsione di un filo, misurando così il massimo valore rag- 
giungibile (F,,,,,). 


i ee ee Le Figg. 2 e 3 illustrano i ri- 
rs sultati ottenuti. La prima riguarda 


+ f= 0.15mN esperienze nel petrolio, la seconda 
nell’acqua. Si è usata acqua d- 
conduttura con gas disciolti in 
equilibrio con l’atmosfera. In ascis- 


oF f= 07 SmN 


AS se compiono le varie possibili 
2 distanze fra sorgente e riflettore, 
be | in ordinate irapporti F,,,/Fo- 
= 7 


i Le varie curve hanno come 
= parametro PF, che corrisponde alla 


Sn densità di energia relativa al fascio 
$4 — di onde progressive prima che sia 


introdotto il riflettore. I valori 


DA fe to oe ac T della densità di energia e della 
SR 6 10 16 AUN pc = 3 ER . 
uao ei intensità corrispondenti ai diversi 


Fig. 3. — F.az/Fo in funzione della distanza valor e Ones pol 
trasduttore-riflettore. Propagazione in acqua. Tabella I. 
Frequenza 2 MHz. Si noti il valore evidentemente 
alto, pari a 50, raggiunto dal rap- 
porto F.,../F, quando la distanza tra sorgente e riflettore è dell’ordine del 
centimetro, in petrolio per F, = 0.17 mN, 


TABRLILANIE 


I f Forza agente Densita | Intensita 
Mezzo in cui pie la | sul quadro di energia | del fascio 
la propagazione va E, = FolS | Jy = Ey 
(mN) (J m-=3) (W em?) 
Petrolio 0.17 0.4 | 0.051 
(VARIO NS) 0.90 2.1 0.27 
10 24 | 3.0 
Acqua 0.15 0.36 0.052 
(v = 1485 ms) 0475 1.8 0.26 


stabili 


e distanti tra loro mezza lunghezza d’onda. Per tutte queste posizioni si sta- 
bilisce 


automaticamente un campo sonoro stazionario, avente densità di energia eguale 
alla tensione di radiazione corrispondente alla forza applicata FP. 
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Considerazioni quasi intuitive fanno ritenere che il rapporto /.,,,/F, dimi- 
nuisca con l'aumentare così della distanza sorgente-riflettore come dal para- 
metro F,, in quanto il rapporto stesso viene determinato sostanzialmente dalle 
seguenti cause: 


1) assorbimento degli ultrasuoni nel liquido; 

2) divergenza non nulla del fascio; 

3) perdite per riflessione alle superficie del trasduttore e del riflettore; 
4) comportamento della sorgente diverso da quello di un pistone ideale; 
5) riscaldamento a strati del liquido, con conseguenti moti convettivi 


e diffusione della radiazione. 


È da rilevare infine che le curve relative all'acqua presentano rapporti 
F.,..|F. maggiori di quelli relativi al petrolio, perchè quest’ultimo ha coeffi- 
ciente di assorbimento maggiore. 

Le curve relative all’acqua non presentano la regolarità di quelle ottenute 
per il petrolio, per la pre- 


5 : È ps di Sd Di IL [RS a e) ESS esa 

senza, nell’acqua, di cavita- Ds fs 
ro 
zione di degassamento. Que- 3 A, leg 
sta alle massime densita di \ F, = 0.90 mN re ) MHz di 
energia a 2 MHz diventa = 
a J A + ° 2. MHz 
sufficientemente intensa, tan- \ 
to da impedire la formazione 20, i . 4 MHz 18 
di onde stazionarie di ben | L 
definita densità di energia. \ + PETROLIO 
Pequesta ragione non figur “a N È 
; 1 

rano nelle due curve relative i | 

. . . O, 
all'acqua i punti corrispon- È SETA L 

“al (o) 

denti a distanze quarzo-T1- E, Dn ESS 

: 3 : : So ‘ad, Me ge Tree zii 9 
flettore minori di due centi (ee Sere ee ae 
metri e non si è riportata la RS 6 10 16 20 

: : Distanza (cm) 
curva relativa ad un fascio : I i 

; : ain Fig. 4. — Fuaz/F, in funzione della distanza trasdut- 

pou Cen PrORTeseryS = IN" tore-riflettore per F, = 0.90 mN (J, = 0.27 W em-?), 
tensità corrispondenti ad in petrolio. 


= 10000N- 

Mentre le misure sulle quali si è riferito sinora sono state eseguite a fre- 
quenza costante e pari a 2 MHz, abbiamo ritenuto utile accertare in quale 
modo potesse influire il valore della frequenza, dato che con l’aumentare della 
frequenza aumenta l’assorbimento, ma diminuisce la divergenza del fascio. 

I risultati di questa seconda serie di determinazioni sono illustrati 
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nelle Fig. 4 e 5. Da essa appare che gli aumenti di frequenza portano ad 

una diminuzione del rapporto 7,,,,/Fo salvo che, per le maggiori distanze, 
dove la divergenza del fascio 

un ae costituisce fenomeno preva- 
lente. 

Si avverte altresi che la 
curva relativa all’acqua ed alla 
frequenza di 1 MHz ha anda- 
mento anomalo, perchè otte- 
nuta in presenza di cavita- 
zione. La cavitazione è vio- 
lenta (con vibrazione della 
superficie libera dell’acqua, 
ma senza bolle visibili) alle 


204 


104 

densita di energia piu grandi 
54 e debole (con formazione di 
È bolle visibili) alle densità di 
0 energia minori. 


Con questa disposizione si 
possono ottenere onde stazio- 


Distanza (cm) 


Fig. 5. — Fsaz/P in funzione della distanza trasdut- È i 
tore riflettore per F, = 0.75 mN (J, = 0.26 W em-2), Bare aventi densità di energia 
in acqua. media costante ed agevol- 

mente misurabile. Ciò non av- 

viene invece quando si crea un campo stazionario di notevole densità di e- 
nergia fra sorgente e riflettore mantenuti a distanza costante. È infatti pre- 
feribile realizzare un campo ultrasonoro stazionario tra una sorgente ed un 
riflettore piani paralleli, non rigidamente collegati, ma spinti ’uno verso l’altro 
con una forza prefissata costante. Con tale artificio la densità di energia as- 
sume automaticamente un valore uguale alla tensione di radiazione che corri- 
sponde alla forza applicata, per qualsivoglia valore di essa inferiore ad un mas- 
simo, che si può dedurre da diagrammi analoghi a quelli da noi presentati. 
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La misura della pressione di radiazione [1] è usata frequentemente per valu- 
tare l'intensità di un fascio di ultrasuoni [2]. Esistono a questo scopo dispo- 
sitivi tendenti a fornire misure assolute, ed altri per misure relative, anche 
di tipo industriale. 

Non mancano difficoltà pratiche nella esecuzione di tali misure e possono 
aversi numerose cause di errore. 

In particolare nello studio delle azioni chimiche e biologiche degli ultra- 
suoni sui sistemi liquidi ed in altre analoghe ricerche, interessa conoscere l’in- 
tensità del fascio ultrasonoro che penetra effettivamente nel recipiente in cui 
è contenuto il campione trattato. È stato osservato a questo proposito [3] 
che la forma del recipiente e la natura della parete attraverso la quale gli ultra- 
suoni vengono trasmessi, influiscono notevolmente sulla potenza effettiva, 
rendendone talvolta incerta la valutazione; notiamo inoltre che, anche quando 
si operi con recipienti standardizzati e con finestre d’entrata opportunamente 
studiate, non è facile valutare esattamente la potenza che penetra nel recipiente 
di lavoro e mantenerla costante. Ciò accade principalmente a causa della non 
uniforme distribuzione della energia nel fascio e degli inevitabili fenomeni di 
riflessione; inoltre, in determinate condizioni, l'energia perduta nel liquido 
usato per la trasmissione può avere importanza non trascurabile. 

Nelle nostre ricerche su effetti chimici e biologici degli ultrasuoni abbiamo 
cercato di eliminare alcune delle cause di indeterminazione della potenza en- 
trante nel recipiente di lavoro, raccogliendo il fascio degli ultrasuoni mediante 
un concentratore conico, C (v. Fig. 1), facendolo penetrare attraverso una lamina 
sottile nella provetta, e, soprattutto, fissando rigorosamente la posizione di 
quest’ultima rispetto al concentratore [4]. Anche operando in questo modo, 
rimane tuttavia palese l'opportunità di misurare la potenza che riesce realmente 
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a penetrare nella provetta; ci è sembrato di poter raggiungere tale scopo for- 
nendo il misuratore di intensità di una imboccatura identica a quella della pro- 
vetta di lavoro e misurando la spinta esercitata, dal fascio così delimitato, su 
di un assorbitore a cavità. 

Poichè le nostre misure si riferiscono a sistemi liquidi T di resistenza acustica 
prossima a quella dell’acqua, il tubo di misura viene riempito con acqua dea- 


reata per ebollizione. 


1. — Descrizione dell’apparecchiatura. 


La Fig. 1 mostra una sezione schematica del dispositivo usato; la Fig. 2 ne dà 
una veduta di insieme. 

L’apparecchi o è for- 
mato di due parti princi - 


pali: un recipiente ester- 
no, A&R, e un immerso 
re con cavità assorben- 
Le, Ai 

Il fascio di ultrasuoni 
penetra nel recipiente È 
attraverso un breve trat- 
to di tubo, 7, che viene 
disposto rispetto al tra- 
sduttore in modo da so- 
stituire la ‘provetta di 
lavoro; esso ha un dia- 
metro eguale a quello 
della provetta stessa ed 
è chiuso da una lamina 
sottile, L, della stessa 
natura di quelle usate 
nelle prove. 


Fig. 1. — A, assorbitore; 
C, concentratore; L, la- 
mina sottile; 0, otturatore 
a slitta; R, recipiente del 
misuratore; 7, tubo di en- 
trata; U.S., fascio di ultra- 
suoni proveniente dal tra- 
sduttore. 
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Immediatamente al di sopra del tubo 7 si apre la cavità assorbente dell’im- 
mersore; tale cavità ha la forma di una piramide a base quadrata, con semian- 
golo al vertice di circa 10°, le sue pareti sono interamente ricoperte di gomma 
sintetica fortemente assorbente, la cui resistenza acustica non differisce molto 
da quella dell’acqua. Al vertice della piramide c'è una piccola apertura che con- 


Fig. 2.— L'apparecchio montato e pronto per la misura. L’otturatore a slitta è chiuso. 


sente la fuoruscita di eventuali bolle di gas, mentre lascia sfuggire solo una parte 
trascurabile del fascio diretto degli ultrasuoni. Eventuali onde riflesse dalla 
parete avranno assunto verso il vertice una forte inclinazione rispetto all'asse 
e potranno essere assorbite nella breve camera cilindrica superiore. 

La spinta di galleggiamento compensa qu asi totalmente il peso dell’immer- 
sore, che è sospeso al giogo di una bilancia di Mohr-Westphal mediante sottili 
fili metallici che attraversano la superficie libera. 

L’immersore si centra automaticamente rispetto al fascio incidente, grazie 
alla forma della cavità; la sua altezza rispetto al tubo 7, regolata inizialmente, 
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è sempre la stessa all’atto di ogni misura, effettuata riportando a zero l’indice 
della bilancia. La pratica ha mostrato tuttavia che piccoli spostamenti sono 
consentiti, sicchè le frazioni di centigrammo possono essere valutate dalla 
scala. 

Per ridurre gli effetti di eventuali onde riflesse, la faccia interna del fondo 
del recipiente R è ricoperta di materiale assorbente (gomma sintetica). Un ana- 
logo rivestimento si applica all’esterno del fondo stesso quando il dispositivo 
di misura venga usato senza concentratore. 


2. — Esecuzione delle misure e valutazione della intensità. 

i L’apparecchiatura descritta si è mostrata adatta per intensità variabili da 
meno 1 W/cm? ad oltre 10 W/cm?. Durante l’azione di un fascio di notevole 
intensità possono aversi piccole variazioni nel peso apparente dell’immersore, 
dovute principalmente alla formazione o al distacco di bolle di gas: occorre 
quindi procedere ad un accurato azzeramento prima di ogni lettura e misurare, 
subito dopo, l'eventuale variazione nel peso apparente. Le variazioni osservate 
non superano in pratica pochi centigrammi. Per limitare tali variazioni ed il 
riscaldamento dell’assorbitore, è sembrato opportuno mettersi in condizioni 
di passare rapidamente dalle misure sul fascio ultrasonoro ai controlli di zero, 
senza dover attendere il tempo, qualche volta lungo, necessario all’apparecchio 
generatore per mettersi a regime. A tale scopo abbiamo inserito, lungo il cammino 
degli ultrasuoni, e precisamente nella parte superiore del concentratore, un ottu- 
ratore a slitta, 0; quando Votturatore è chiuso, presenta al fascio incidente una 
superficie assorbente di gomma sintetica. 

Misure con la bilancia mostrano che a otturatore chiuso la spinta residua 
sull’immersore è nulla o piccolissima (*). 

Le misure eseguite nel modo descritto forniscono valori ripetibili con note- 
vole precisione. Prove sistematiche eseguite alla frequenza di 1 MHz per diversi 
valori della intensità, hanno mostrato che l'errore quadratico medio delle sin- 
gole misure, calcolato per serie di dieci letture successive, si conserva general 
mente inferiore all’1°% nel campo delle medie intensità. La proporzionalità 
tra la spinta misurata e il quadrato della tensione applicata al quarzo può 
essere verificata con lo scarto di poche unità per cento. 

Nella valutazione degli errori così calcolati si deve tener conto del fatto che 
la stabilità del generatore, controllata dagli apparecchi elettrici inseriti nel 
circuito, non può mai ritenersi perfetta. 


(*) L’otturatore può anche essere usato per regolare esattamente il tempo nel caso 
di esposizioni molto brevi agli ultrasuoni dei preparati da studiare. 
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È evidente tuttavia che dal valore della spinta totale così misurato non si 
può ottenere una misura assoluta della potenza entrante. L'utilità dell’apparec- 
chio consiste principalmente nella sua attitudine a fornire dei dati relativi, 
particolarmente comodi a scopo di confronto. 

Per ricavare il vero valore della potenza e della intensità occorre procedere 
ad una taratura dell’apparecchio, eseguita ad esempio con un metodo calori- 
metrico. In attesa di poter fare tale controllo, abbiamo ritenuto sufficiente 
per l’uso pratico applicare la formula di Langevin; la potenza entrante è stata 
quindi calcolata da 


W=F-v, 


dove F è la forza che si esercita sull’assorbitore, supposto perfetto, e v è la velo- 
cità del suono nell’acqua. 
Il valore dell'intensità media viene poi ricavato dividendo la potenza entrante 
per l’area S della sezione normale del tubo di entrata 


S v 
Yi ee 
Ww 8 


Il dispositivo descritto è stato usato per la valutazione della intensità in 
| alcuni lavori sperimentali [5]. 

In ogni caso gli ultrasuoni venivano trasmessi dal trasduttore alla provetta 
| attraverso acqua bollita, che riempiva il concentratore e circondava il tubo 
di lavoro provvedendo al suo raffreddamento. Misurando l’intensità prima © 
dopo ogni esperienza, si notava spesso una diminuzione della potenza effettiva, 
| più grande per le prove di lunga durata. Tale fatto venne da noi attribuito 
ai gas che, durante l’esperienza, potevano sciogliersi nell'acqua del recipiente 
esterno e tale ipotesi potè essere confermata da un controllo accurato eseguito 
con il nostro misuratore; si notava cioè una considerevole diminuzione della 


potenza entrante quando Vacqua del recipiente, previamente bollita, veniva 
lasciata esposta all’aria per alcune ore. 

Per evitare questo inconveniente disponevamo, alla superficie libera del- 
l’acqua della vasca esterna, una lastra di perspex che ne impediva quasi total- 
mente il contatto con l’aria, lasciando solo i varchi necessari per il passaggio 
della vaschetta di lavoro, dello scambiatore di calore ecc. Si poteva ottenere 
in tal modo un’ottima ripetibilità delle misure, anche dopo 24 ore. 

In una prova di controllo, fatta mediante misure distribuite su 26 ore, 
si ottenne un errore quadratico medio di 0,756% operando a 4,2 W/cm?. Lo 
scostamento massimo della misure dalla media era di 1,34 °/. Tra un gruppo 
e l’altro di letture l'apparecchio veniva smontato e rimontato. 
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